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mu l t i p l e  filling defe cts at the lower part of the 
common bile duct.
201
29 M e t a s t a t i c  lesions. PTC of a 55-year old man shows 
very tight and irreg ula r str ict ures of the intrahepatic  
ducts and the common hepatic duct, with  complete 
ob s t r u c t i o n  of the common hepatic  duct at its lower 
end •
202
30 M e t a s t a t i c  lesions. PTC of a 53-year old woman 
shows a very tight strictu re at the lower end of the 
common bile duct with severe d i l a t a t i o n  of the proximal 
bi lia ry ducts (Type V str ic ture of Caroli).
202
31 Carcino ma  of the gal l-bladder. PTC of a 90-year 
old woman shows a very tight stricture of the common 
hepatic duct in vol vin g the left hepatic duct also, with 
moderate d i l a ta ti on of the right intrahe patic ducts and 
medial d i s p a cement of the common duct and loops of the 
small int estine by a soft tissue mass in the region of 
the gall-bl adder .
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32 Chronic pancr eatitis. PTC shows type I common
bile duct stenosis with di l a t a t i o n  of the proximal 
ducts and p a n c re at ic cal cificatio n. The appea rance s 
are p a t h o g n o m o n i c  of chronic pancrea tit is.
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33 Chronic pan cr eatit is. ERCP shows mild dilatation
of the entire bi liary tract as far as sphincter of Oddi 
(Type II str ic tu re of Caroli). Pan crea ti c duct shows 
severe degree of ectasi a and marginal  irre gu larity in 
the tail and body. Mild d i l a t a t i o n  of the main 
p a n c re at ic duct at the head and neck.
227
34 Chr onic pan creatit is. ERCP shows hourglass 
stenosis of the mid common bile duct and slight 
d i l a t a t i o n  of the bi liar y ducts proximal to the 
str icture (Type III st ricture of Caroli). Pancreatic 
duct shows severe degree of dila tation, str ictur in g and 
ectasia.
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35 Chronic pancreatitis. ERCP show lateral
d i s p l ac ement of the common bile duct with slight 
pr oxi mal d i l a t a t i o n  (Type IVa stricture of Caroli). 
P an cr eatic duct was not opacified.
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36 Chronic pancre atitis. ERCP shows medial
di s p l a c e m e n t  of the common bile duct (Knee-bent 
ap pe ar anc e) wi t h  slight di la t a t i o n  of the proximal 
ducts (Type IVb str icture of Caroli). Only a short 
segment of the p a n c ea ti c dut was opacified.
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37 Chronic pa nc reatitis. ERCP shows straigh te ning
and slight e x t r i n s i c  c o m p re ssion of the wall of the
common bile duct (Type IVc stric ture of Caroli). There 
is a mild d i l a t a t i o n  of the main p ancre at ic duct in the 
head and body.
229
38 Chronic pa ncreatitis.  ERCP shows very tight 
stenosis of both main panc reatic duct and lower common 
bile duct ( doub le -duct sign), with severe d i l a ta tion of 
both ducts p r o x i m a l l y  (Type V stricture of caroli).
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39 D i agram  showing the values of the total serum
bilirubin, serum alkaline phosp hat ase concentration, 
serum aspart at e tra nsam inase and serum alanine 
transamina se  levels in 47 chronic pancreat itis patients 
with normal or abnormal c h o l a n g i o g r a m s .
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40 Pan cr eatic carci nom a with metastases. PTC shows 
mul ti ple tight strictu res  involving both intrahepat ic 
and ex tr a h e p a t i c  ducts ( u nc la ssified  c h o langio gr aphic 
ab normali t y ).
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41 Pan c r e a t i c  carcinoma. PTC shows complete
o b s t ru ct ion of the common hepa tic duct with severe 
d i l a t a t i o n  of the pro xi ma l ducts (unclassified 
c h o l a n g i o g r a p h i c  abnormality).
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42 Pan c r e a t i c  carcinoma. PTC shows irregular tight 
stricture of the lower common bile duct with moderate 
di l a t a t i o n  of the proximal ducts and the gal l-bladd er  
(Type I st ricture of Caroli).
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43 P a n c reat ic  carcinoma. PTC shows dil at ation of the 
entire biliary system as far as the sph incter of Oddi 
(Type II st ricture of Caroli). A large filling defect 
in the common hepa tic duct most proba bly is a 
c a l c u l o u s •
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44 P ancre at ic carcinoma. PTC shows a short annular
c o n s t r i c t i o n  at the mid po rt io n of the common bile duct 
with slight d i l a t a t i o n  of the proximal ducts and normal 
common bile duct below  the stricture (Type III
stri ctu re of Caroli).
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45 P a n c reatic carcinoma. PTC shows complete
obst r u c t i o n  of the common bile duct at its mid portion 
wit h d i l a t a t i o n  of the proximal ducts and the
gall - b l a d d e r  (Type V stricture of Caroli).
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46 P a n c reatic ca rcinoma  and chronic pancreatitis.
PTC shows long, irreg ul ar and tight stricture involving 
the mid and lower parts of the common bile duct with 
moder at e d i l a t a t i o n  of the proximal ducts and severe 
d i l a t a t i o n  of the gall-b ladder.
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47 D i ag ram showing d i s t r i b u t i o n  of the maximum
diam eters of the intrahepa ti c (IHD) and extrahepat ic
(EHD) ducts measu re d to the nearest mi ll ime tre proximal 
to the o b s t r u c t i o n / s t e n o s i s  caused by pancrea tic
carcinoma  and chronic pancreatitis.
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SUMMARY
I N T R O D U C T I O N
Owing to the high m o r b i d i t y  and mortal it y
associa te d with lapa r o t o m y  on patients with obstructive 
ja undic e (Vellacot t and Powell, 1979) and the short 
life expe ctance of the patients with malignant
o bs t r u c t i o n  (Sarr and Cameron, 1982; Ubhi & Doran,
1986), there has been a recent swing in the management
of patients with ma li gnant bil iar y o b s t ruction  towards 
st ent ing the biliary system en dosc o p i c a l l y  or
p e r c u t a n e o u s l y  rather than u n d e rt aking surgery (Bornman 
et al. 1986, Speer et al. 1987). Most of these 
patien ts u n d e rgi ng  stenting will not have surgical or
h i s t o - p a t h o l o g i c a l  c o n f i r m a t i o n  of their disease.
Therefo re,  it is ess ential to know  the accura cy of 
r adiol og ic al and imaging investigations,  so that one 
can avoid the pitfall of failing to offer surgery to 
patients with curable disease. On the other hand, if
ra di olog y was suf ficie nt ly reliable one could avoid 
u n n e c e s s a r y  l ap ar otomy in patients with unresectable
ma ligna nt  obstruction. Fu rthermore, the precise
d ia gn osis of the con di tion seems very important in 
de te r m i n i n g  the prognosis and the correct managemen t 
(Ferrucci et al. 1983).
STUDY I
The work commenced with a retospecti ve appraisal 
of the diag n o s t i c  value, useful ne ss and complications 
of p ercuta ne ous t ra ns hepatic  cholan g i o g r a p h y  (PTC), 
en do scop ic  retr ograde c h o l a n g i o p a n c r e a t o g r a p h y  (ERCP) 
and u l t r a s o n o g r a p h y  of the upper abdo men (US) in 112 
patients with o bs tr uctive  jaundice. This was followed 
by a pro spect iv e e valuat io n of another 83 patients from 
the same departme nt. US was con sid ered satisfa ct ory by 
the rad io logist u n d e r ta king the procedure in 82% of the 
at tem pted scans. The main cause (87%) for
u n s a t i s f a c t o r y  US scans was excessive bowel gas. PTC 
and ERCP were successful in ou tli nin g the biliary 
system in 96% (131/137) and 80% (72/90) of cases
respe cti vely. US and d iagnost ic  ERCP were not
asso cia ted with any complication. However, therapeutic 
ERCP was ass ociated  with a 19% (10/52) incidence of 
maj or com pl icatio ns  including five deaths; these 
figures are com parable with those reported recently in 
other studies with regard to the palliative biliary
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stentin g (Speer et al. 1987). The use of endosco pic 
s p h i n c t e r o t o m y  in young patients with
c h o l e d o c h o l i t h i a s i s  who is not considered  a high-risk 
c an didate for surgery the refore is not recommended.
On the other hand, PTC was associated with a 
6.7% (9/135) major c o m p l i c a t i o n  rate; this included
three deaths, three cases of septicaemia, two cases of 
severe and repeated attacks of cholangitis, and one 
sym pt om atic bile leakage which precipitat ed  an
e m e r g e n c y  laparotomy. There were no statis ti cally
sig ni fi cant d i f f ere nc es in the ma ximum diameters of the 
common bile duct, common hepatic  duct, g all -b ladder and 
i n t r a hepa ti c ducts in patients who developed
co mp li catio ns  compared to those who did not following 
PTC. Furth ermore,  there were no stati stically
signifi ca nt d i f f eren ce s re gardi ng the incidence of
complica ti ons in patients who had PTC alone and those 
who had PTC combined with percutaneo us  transhepatic 
biliary  drainage (PTD).
The overall diagno st ic accura cy of the
su cc essful pro ced ures as based on the original
i n t e r pret at ion of the results were 78% for PTC, 84% for 
ERCP, and 50% for US. The figures are comparable with 
the results of sim'ilar studies (Gibbons et al. 1983;
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Gregg & McD onald, 1979; Ma tzen et al. 1982; Peder se n et 
al. 1985). However, the essential  nature of the 
i n vest ig ations in d e t e r m i n i n g  the mana gemen t was for 
the first time conside re d in this study. The procedure 
was conside red essential and useful by assessers in 4% 
and 72% of s a t i s f a c t o r y  US scans, 7% and 57% of 
su ccessfu l PTCs, and 15% and 75% of successful E R C P s , 
respectively.
This study also showed that there is no
s t a t i s t i c a l l y  sig nif ic ant dif feren ce  between the 
di ag nost ic  ab ility of a spe ci alized pan crea tico-
bi liary surg eon and a g a s t r o i n t e s t i n a l  radiologist in
repor tin g ch ol angio grams. Fu rth erm ore, it showed that 
the di a g n o s t i c  value of the X-ray reports cannot be 
improved by using a prepared form with stipulation of 
the p r o b a b i l i t y  of ac cu racy in int erpret at ion of 
c h o l a n giogram s in c o m p arison  with the routine reporting 
system.
STUDY II
In this part of the thesis, the 
chol a n g i o g r a p h i c  features asso ciated with different 
surgical con ditions of 147 patients with obstructive 
jaundice were examined. Complete obstruction of the
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bi li ar y tract was more frequent with ma lignant 
cond it ions (60/83) than with  benign non -calcu lo us
conditions (6/21) and c h o l e d o c h o l i t h i a s i s  (26/43). 
S i g n i f i c a n t l y  highe r level of the mean total serum
bilirub in  was found in mal ig nant obstructi on (273 +
19SE), in co mp arison  with cho ledochol i thias is (128 +_ 
27SE) and benign non- c a l c u l o u s  o b s t r uctio n (119 +
33SE). However, there were no statistic ally
significant di ff erences  between malignant, benign 
no n - c a l c u l o u s  and calculous conditions of the biliary 
tract rega rding the m a x imum dia meters of the 
in t r a he patic ducts, common hepati c duct and common bile 
duct. Simil arly there were no significant differences 
be tw ee n the groups in terms of the serum alkaline 
pho sp ha tase co ncentration .
The s e n s itiv it y and sp ecificit y of the 
ch o l a n g i o g r a m s  for d e t ect io n of common bile duct stones 
were 86% (37/43) and 88% (92/104), respectively. The
c h o l a n g i o g r a p h i c  a b no rmalit ie s found in the common duct 
in these cases were a constant filling defect in 28 
(65%) cases, a dow n w a r d l y  concave meniscus in 8 (19%) 
cases, and complete o bst ru ction with impaction of stone 
at the lower end of the common bile duct in 4 (9%) 
cases. The g a l l - bl ad der was shrunken in 38% of the
patients with choledo ch o l i t h i a s i s  , and contained stones
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in 63%.
The s e n s i t i v i t y  and the spec i f i c i t y  of the 
ch ol an g i o g r a m s  for the d e t e ct ion of benign 
no n-c a l c u l o u s  conditions (when inte rpreted without 
kn owled ge  of the patients clinical history) were 48% 
(10/21) and 89% (112/126), respectively. The pitfalls 
in in t e r p r e t a t i o n  the c h ol angiog ra ms were inability to 
di ff e r e n t i a t e  sclero sing ch olangitis  and traumatic 
st ric tures of the common duct from chol an giocar ci noma  
or m et as tatic lesions; bil ia ry tract o b s t ructio n by a 
du ode nal d i v e rt icula or an impacted stone from 
p e r i a m p u l l a r y  carcinoma; and chronic pan cr ea titis from 
pa n c r e a t i c  carcinoma. However, the diagnostic
sen si ti vity and s p e c ificit y of the ch ola ngiog rams in 
the d i f f e r e n t i a t i o n  between benign and malignant 
con dit ions were 84% (70/83) and 73% (47/64),
res pectively.
Cholang i o c a r c i n o m a s  showed complete obstruction 
at the ju nc tion of the right and common hepatic duct in 
two cases, at the common hepatic duct in 8 cases and at 
the begining of the common bile duct in one case. The 
app ea ranc e of the end of the o b s t ruct io n was V-shaped 
in 4 patients, U-shaped in one patient, irregular 
cut-off in three patients, shoul der ing in two patients,
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and a d a w n w a r d l y  concave menisc us  in one patient. The 
c h o l a n g i o g r a p h i c  a b n o r m a l i t y  was stenotic in 7 patients
with c h o l an giocarc in oma; the length of the stenosis
ranged from 5-60mm. The disease primaly involved the 
common hepa tic  duct in three cases and in 4 cases there 
were w i d s p r e a d  str ict ures throughout the biliary
system.
STUDY III
C h o l a ngio gr ams of 47 patients with chronic
p an cr eatiti s and 53 patien ts wit h pan cr eatic carcinoma, 
ja un di ced or not, were then cla ssifi ed  according to the 
original c l a s s i f i c a t i o n  of Caroli (Caroli & Nora, 
1952); and the liver fu nction tests were then 
correlated. The study de mo n s t r a t e d  significant
di ff ere nce s between chronic pa ncreatitis and pancreatic 
carcinoma  patien ts in the following points; (i) the
chronic p a nc re atitis patients were younger, (ii) 
pa nc reatic c a lc if icatio ns  on plain film were seen only 
in chronic p a n c r ea ti tis patients, (iii) the mean 
ma x i m u m  di ameters  of the intra- and extr a-hepatic
biliary ducts were greater in patients with pancreatic 
carcinoma, (iv) the cholan giogra ms  were abnormal in 64% 
of the patients with chronic pancreatitis (these 
included 67% type I, 3% type II, 10% type III, 10% type
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IV and 3% type V, while 17% of patients had biliary 
abnor m a l i t i e s  wh ich could not fit Caroli's 
c l a ssifica ti on) and in all patients with pancreatic 
ca rcino ma  (these included 17% type I, 7% type II, 4% 
type III, 66% type V, and 6% no n- cl a s s i f i e d  biliary 
a b n o r m al ities ),  (v) ir reg u l a r i t y  of stenosis was seen 
e x c l u s i v e l y  in patients with pancreatic carcinoma, and 
(vi) the mean values of the total serum bilirubin, 
a sp artate a m i n o t r ans fe rase, alanine am inotransf erase 
and al kaline p h o s ph at ase co nc e n t r a t i o n  were higher in 
patie nts  with  p an cr eatic cancer.
STUDY IV
This study was intended to address the 
sig nific an ce of the rad io logical  involvement of the 
b il iary tract by chr onic i n f l am ma tory process of the 
pancreas. A series of 39 patie nts under gi ng surgery
for chronic pan creatit is, therefore, were investigated 
for evidence of h e p a t o b i l i a r y  disease. In addition to 
p r e - o p e r a t i v e  as sessment by liver function tests, US, 
ERCP (in 33 patients) and PTC (in 5 patients), 
p e rope ra ti ve liver biopsy was performed in all cases. 
Common bile duct stenosis was diagnosed in 16 of the 26 
patients with successful cholangio graph y. Features of 
ex tr ahep at ic bili ary obstru ct ion were found on biopsy
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in 11 of the 39 patients, but no one had evidence of 
se c o ndary cirrhosis. Five (83%) of the six patients 
wit h clinical jaundice had features on bi opsy of 
e x t r a h e p a t i c  bi li ary ob st r u c t i o n  as did 8 (67%) of the 
12 patients with alkaline phosphatas e elevation above 
twice normal, and 7 (44%) of the 16 patients with
radi olo gi cal common bile duct stenosis.
Study III had shown that 91% (21/23) of chronic 
patients with  elevated serum alkaline phosphatase 
c o n c e n t r a t i o n  (over 300 IU/1) had some form of the
rad iol ogic al  involvem ent of the biliary tract by the 
i n f l a m a t o r y  process of the pancreas. However, study IV 
showed that neit her alkaline pho sphat as e eleva tion nor 
common bile duct stenosis r a d i o l o g i c a l l y , alone or in 
combi nat ion, were a reliable indicatio n of the need for 
b i l i a r y - e n t e r i c  bypass surgery. Therefore,
p r e - o p er ative  liver biopsy may be valua bl e adjunct in 
the ass es sment of such patients.
CO NC LUSI ON
The present studies conclude that if US can 
re lia bl y ide nti fy patients with distal common bile duct 
o bs tr uction there seems to be little to be gained from 
invasive invest igations if patient un dergoing surgery,
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unless surgeon requires a preo pe rative biliary map. 
All patients who have u n s a t i s f a c t o r y  or inc onc lusiv e US 
scan should be in vestigated by ERCP (PTC when ERCP is 
c o n t r a indicat ed , failed or not available) in order to 
avoid u n n e c e s s a r y  l a p a rotomy  in those with lesions not 
amenable to su rgery and allow one to select appropriate 
therapy in those with proximal biliary obstruction.
Direct c h o l a n g i o g r a p h y  is not always diagnostic.
Abnor m a l i t i e s  in the liver fu nction tests, the maximum 
diameters of the intra- and e x t r a -h ep atic ducts , and 
abn ormal it ies of the g a l l - b l a d d e r  can provide useful 
c o r r o b o r a t i v e  evidenc es to dis t i n g u i s h  mal ignant from 
benign conditions. R e g a rdless of their accuracy,
neither US nor direct c h o l a n g i o g r a p h y  is without the
p o s s i b i l i t y  of error (misleading results were obtained 
in 10% of cases with US, 9% with  PTC and 5% with ERCP). 
Th erefore , it is m a n d o t o r y  to obtain a positive biopsy 
from the lesion espec ia lly in patients who are not 
un d e r g o i n g  surgery.
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IN TR O D U C T I O N
The modern  imaging meth ods (ultrasound,
compu ted  tomography, end oscop ic  retrograde
c h o l a n g i o p a n c r e a t o g r a p h y ,  and percut an eous transhepatic 
c ho la ng i o g r a p h y )  have made dia gnosis of patients with 
obstruc ti ve jaundic e easier and have made the need for 
dia gn osti c l a p a rotom y remote. This has paved the way 
for the use of int er vention al  radi ological procedures 
in the m a n a gement  of patients with "surgical"
obstruc ti on in their biliary system (Gibson, 1987). 
These p r o c ed ures include perc utaneous balloon 
dil a t a t i o n  of benig n bile duct strictures, percutaneous
removal of biliary stones, percutaneous pancreatic
pseudocyst drainage, pre operat iv e percutaneous
transhep at ic biliary drainage for patients with severe
obst ru ctive jaundice, pa ll iativ e percutaneous
transhepat ic  bili ary drainage or endoprosthesis
insertion for patients with unr ese ctabl e malignancy, 
endoscopi c p a p i llotom y with or without stone extraction 
for common duct calculi, and endoscopic insertion of an
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en d o p r o s t h e s i s  to relieve jaundice in patients with 
ino pe ra ble biliary or p a n c re atic cancer. This now
means that many patients with surgical benign or 
mal i g n a n t  o b s t r u c t i o n  of the bi li ary  system can be
spared laparotomy, but only a m i n or it y may have
h i s t o - p a t h o l o g i c a l  proof of their diagnosis. Althoug h
the diagn osis of ma lig nant disease can be confirmed by 
u l t r a s o n i c a l l y  guided per cutane ou s fine-needle
asp i r a t i o n  cytology or biopsy (Lees et al. 1985), the 
di ff i c u l t i e s  of biops y should not be underestimated. 
Some surgeons have also attempted to confirm the
diag no si s c y t o l o g i c a l l y  by recover y of bile or
pa n c reatic  juices, or by bili ary  and pan creatic  brush 
cytology. Cameron et al. (1982) stress the
di ff i c u l t i e s  of obtaining an adequate biopsy from small 
fibrotic c h o l a n g i o c a r c i n o m a  even at laparot omy and
believe that c h o l a n g i o g r a p h y  taken in conjunction with
the clinical pr es e n t a t i o n  allows easy and accurate
di f f e r e n t i a t i o n  in the great m a j orit y of patients.
Unfortun at ely, it can be estimated that only
about 12-20% of pan creat ic and bile duct cancers 
referred to the specialized centres are potentially  
re se ctable and the prospect for patients with cancer of 
the g a l l - bl ad der is even worse (Allen-Mersh & Earlam, 
1986; Kummerle & Ruckert, 1984; Sarr & Cameron, 1984).
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The r e s e c t a b i l i t y  rate was less than 5% in all patients 
registere d in England and Wales having pancreatic 
carcinoma  ( Allen- Me rsh & Earlam, 1986). For every 
patient u n d e rg oi ng defi nitive resection of the 
p an cr eatic carcinoma, at least 6 to 10 patients receive 
either no operation, biopsy only or palliative  bypass 
(Brooks & Culebras, 1976, Hermann & Cooperman, 1979). 
The great ma j o r i t y  of patients with u n res ec table tumour 
are dead within a year of diagnosis (Ubhi & Doran,
1986) but some attempt at p al liatio n is usually 
worthwhile. However, biliar y bypass in these patients 
is not without risk and according to collective review 
it carries a mean ope rative m o r t a l i t y  of 19% with mean 
durat io n of survival of only 5.8-6.6 months (sarr & 
Cameron, 1982). La pa r o t o m y  itself in patients with 
u n r e s e c t a b l e  tumours carries a high mo rtality rate (39% 
mo r t a l i t y  rate for stage III in comparison with 24% for 
stage I p a n c r e a t i c  carcinoma), and surgery is more 
ha za rd ous over the age of 60 years and in the presence 
of m e t a stasis (A n d r e n - S a n b e r g  & Ihse, 1983; Feduska et 
al. 1971). These results have highli ghted the need to 
assess alt er na tive methods of pall iation in unoperable 
cancer.
A pro sp ec tive randomised trail of percutaneous 
tra nsh epat ic  biliary en dop rosth esis versus bypass
44
surg ery  for incurable carcinoma of head of pancreas
showed that the incidence of pos tp rocedural 
complica ti ons were 33% for percutan eo us trans hepatic
b i l iary e n dopros th esis and 42% for surgery, while the
30 day m o r ta lity after pe rcutaneous tra nshepatic
bi l iar y endopro st hesis was 8% as opposed to 20% in
patients who had surgical bypass (Bornman et al. 1986). 
The e n d o p r os th esis patients had a sig nifican tl y shorter 
initial hospital stay, and there was no significant
d if fe rences  in survival time. The most recent 
randomised trail of end oscopic  versus percutaneous 
stent inser tion in m a l i gna nt  obstructive jaundice 
showed that the endo sc opic method had a sig nifi ca ntly 
higher success rate for relief of jaundice and a 
si g n i f i c a n t l y  lower 30 day m o r t a l i t y  (Speer et al.
1987). Therefo re, the authers suggest that when 
st en ti ng is ind icated in elder ly and frail patients,
the e n d o scopic  method should be tried first, and that
the pe rcu t a n e o u s  method should be reserved for those 
patie nt s in whom initial endo sco pic approach fails.
The princ iple at tr act ion of endoscopic
sphinc t e r o t o m y  are that it avoids the risks associated 
with general anaesthesia, la pa rotom y and duodenotomy. 
Successful end oscopic sph inctero to my is achieved in 
a p p r o x i m a t e l y  90% of patients, and complete clearance
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of calculi can be expected in about 85% of those with 
duct stones (Cotton & Vallon, 1981). Furthermore, 
failed end osc opic s p h i n cte ro tomy does not jeopardize 
future abdominal surgery. As well as being quicker and 
che ape r than surgery, endoscopic s p hinct er otomy is 
u n d o u b t e d l y  safer in high- ri sk patients and those over 
60 years of age. However, it is essential to know the 
a c c ur ac y of the rad iological and imaging
in ve st igatio ns , so that one could avoid the pitfall of 
simply stenting the bili ary system in patients with 
di se ase that might be curred by appropriate surgery. 
On the other hand, one could avoid unne ce ssary 
lap a r o t o m y  in patients with unresec ta ble malignant 
ob s t r u c t i o n  who have only a short time to live. 
Therefore , the aim of the present studies was to 
examine the di ag nostic  accurac y and usefulness of 
perc u t a n e o u s  tra ns hepatic  ch olangio graphy, endoscopic 
retrograd e c h o l a n g i o p a n c r e a t o g r a p h y  and ultra sonog ra phy 
in patients wit h obst ructive jaundice, and in 
pa rt i c u l a r  the ability of cholan gi ograph y to
d i f f e r e n t i a t e  between benign and malignant biliary 
o b s t r u c t i o n .
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Chapter 1
LITE R A T U R E  REV IE W
P E R C U T A N E O U S  T R A N S H E P A T I C  CHO LA N G I O G R A P H Y  
H I S T O R I C A L  R E V I E W
The first ra dio logic al v i s u a liz at ion of the 
b i l ia ry tract, following p ercu ta neous puncture of the 
ga ll -b ladder , was carried out by Burckardt and Mueller 
in Ge rm an y in 1921. In 1937 Huard and Do-Xua n-Hop in 
Hanoi started blind intrahep at ic injection of non-water 
soluble contras t media (Lipiodol). However, because of 
the frequent compli cations , it was performed by or in 
close c o o p er at ion with a surgical team with an 
ope ra tion  table set for laparotomy. Since this report 
app ea red in French in an Ind ochinese bulletin, many 
surgeons were not aware of it. In 1952 percutaneous 
tr ans he pa tic ch o l a n g i o g r a p h y  (PTC) was rediscovered by 
Carter and S a y p o l , two New York surgeons, who used 
water soluble contrast medium. They performed
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pr e o p er ative tra nshe patic puncture of the left hepatic 
duct under general a naesthe si a in a 36-year old woman
wi t h  o bstr uc tive jaundice.
The use of antib io tics and f luo ro scopy were
im por tant steps in d evelop me nt of PTC. The need to
p e r fo rm  PTC just before op er ation or with the surgeon
s tan ding by in case c o mp licatio ns  developed, was
m i n i m i s e d  by int ro duction  of the fine flexible Chiba 
needle (Tsuchiya, 1969). T h e r eaft er  PTC made great
progress and this was acce le rated by a report of 314
su ccessful  proce dures with only a 2.5% major
c om pl icatio n rate, with only one case requiring
e m e r ge nc y surgery for bile leakage (Okuda et al. 1974). 
The popula ri ty of PTC paved the way for many other
p e r c u ta neous pro cedures such as per cuta neous portal
ve nograp hy, percutaneous  transhep at ic drainage (PTD)
and percutane ou s trans he pa tic insertion of
endopr ost heses.
Recent develo pm ent and progress in
u l t r a s o n o g r a p h y  and en doscopic retrograde cho l a n g i o ­
p a n c r e a t o g r a p h y  (ERCP) have posed major challenges to 
PTC in obstru ctive jaundice. At the same time
u ltras ou nd  (US) has improved PTC techniques,
p a r t i c u l a r l y  with regard to de termining  whether the
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bi li ar y tree is dilated or not before the procedure and 
by a l l ow in g the needle to be directed  through the 
u l t r a s o a i c  transducer,
TE C H N I Q U E  OF P E R C U TANEOU S T R A N S H E P A T I C  CH O L A N G I O G R A P H Y
Prior to the perf or mance of PTC, the procedure 
should be fully expla ined to the patient and
ap pr o p r i a t e  consent obtained. Most authors recommend
co m m e n c i n g  a broad spectr um anti biotic 24-48 hours 
before the procedure and cont inuing  it for 3-5 days 
a f t e rw ar ds (Goldberg, 1983; Ha rbin et al, 1980; Okuda 
et al. 1974). Since bact e r a e m i a  resulting from PTC is 
caused m o s t l y  by Es ch e r i c h i a  Coli and other
G r a m - n e g a t i v e  organisms, a m in oglyco si des such as 
T o b r a m y c i n  or Gentam ycin, or a combination of
A m p i c i l l i n  and G e n t am ycin are often recommended. 
Proble ms with blood coa gu la tion must be defined and 
ap pr o p r i a t e  therapy institu ted before the procedure.
Man y authors give vit ami n K1 injection routinely in 
j au n d i c e d  patients. Jau ndiced patients should be
screened for hep atitis B surface antigen (HBs Ag) and
ap propr ia te preca utions taken if the result is
positive. The procedure does not usually need
pr em ed icatio n,  but some radiologists prescribe Diazepam 
of Pheribbarbitone one hour prior to the procedure.
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The patient is placed supine on the 
f l u o r o s c o p i c  table, made to hold his head with the 
right arm* The skin on the right lateral lower chest 
is prepare d and draped in the usual fashion. A lead 
marker may be used on the skin to localise the porta
hepatis. This can be done by a line bisecting a
sagittal line between the dome of the diaphrag m and the
du odena l cap (which is us ually identified by its air
bubble or after ins ertion of a duodenal tube). 
A lt er n a t i v e l y ,  ult ra sound permits precise localisation 
of the liver hilus and its surface marking.
Se lec ti on of the proper puncture site is 
important as it may also be the site of placement of a 
d r a in ag e catheter. An intercostal site in the mid 
ax illar y line or slight ly anterior to it, is chosen for 
insertion. The needle passes caudal to the inferior 
po rtion  of the lung, usuall y in the 7th or 8th right 
intercos tal space. Local anae sthesi a is achieved with 
1% Ligno ca ine inf iltrated along the course of the 
needle to the peritoneum. The principle of the 
technique is to introduce the Chiba needle (15cm long, 
0.7mm outer diameter, 0.5mm inner diameter and bevelled 
angle of 30 degree) from the flank toward an area 
slightly  above the jun ction  of the right and the left
hepa tic  ducts, avoiding the g all -b ladder and
e x t r a h e p a t i c  ducts. A bile duct is sought by injecting 
water soluble contrast m e dium  rather than by aspirating 
bile (Okuda et al. 1974). While the patient holds his 
breath betw een insp iration and expiration, the needle 
fitted with  a stylet is inserted under fluoroscopic 
control, pass ing parallel to the table to an area
s l i gh tl y above the hilum of the liver. Avoidance of 
puncture in the region of the porta hepatis is 
impor ta nt as serious bile leakage may follow
e x t r ah ep atic puncture of the common bile duct (Harbin
et al. 1980). If the first attempt fails, subsequent 
serial passes are made using small incremeintal angles 
in a caudal di re ction (Figure 1) (Mueller et al. 1981). 
C a u da lly directed pun ctures should be more shallow. 
U l t r a s o n o g r a p h y  has been used also to guide the 
n e e d l e ,e s p e c i a 11 y in case of nondilated intrahepatic 
ducts (lllescas et al. 1986).
After removal of the stylet, the patient is
allowed to breathe normally, but not vigorously.
In se rtio n of the needle and removal of the stylet
should take less than 5 seconds. Contrast material is 
injected via a 10 ml syringe attached to the needle 
with  a po lyt hene tube. Under fluorosc opy the needle is 
ver y slowly w i t hd rawn while continously injecting small
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Figure 1 Prefe rr ed sequences of needle passes into 
liver p aranc hy ma during PTC performance (from 
M u elle r et al. 1981).
a mo unts (0.1-0.2 ml) of contrast with mild hand
pres sur e, trying not to inject more than 5 ml of 
contras t ma te ri al in each pass. When the needle is in 
a blood vessel, the contrast media disappears rapidly, 
whe n in the parenchym a or under the capsule it leaves a 
tract or blush which absorbs slowly and may remain 
th ro ugho ut  the procedure. If the biliary tree is 
entered, the contrast material flows slowly towards the
hilum. Since the Chiba needle has a small calibre, it
o c c a s i o n a l l y  punctures tiny intrahepatic radicles of 
i nsuff ic ient size to be recognized during fluoroscopy, 
yet large enough to carry contrast distally into the
common bile duct. In such cases, fluoroscopic
sc r e e n i n g  confined to the region of the needle tip will 
give the false imp ressi on that a negative pass has been 
made. Hence a brief fluoros copic scanning over the 
region of the distal common duct is recommended at the 
c o n c l u s i o n  of each "negative" withdra wal (Ferrucci &
Wittenb er g, 1977).
If a n on-dil at ed biliary tree is entered,
several quick exposures are taken as 10-15 ml of
con tra st material is rapidly injected. Enough material 
is injected to fill the biliary tree including if 
possible the gall-bladder. Okuda et al. (1974) have 
stressed the importance of removing 50-100 ml of bile
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before injecting contrast me di um  into an obviously
d is t e n d e d  biliary tree. However, many authors find it 
di f f icult to remove more than 5 ml of bile (Benjamin et 
al. 1978; Ferrucci & Wittenberg, 1977). Every effort 
is made not to overdistend the biliary system. Often
it is n e c e ss ary to move the patient into the left
d e c u bi tu s position, or into the upright, semierect or 
prone pos it ion to cause contrast material to move from 
dila ted  dependent  posterior branches of the right side. 
These man oeuvr es are essential to opacify the left
ductal system and common bile duct, as well as avoid 
m i s i n t e r p r e t i n g  the spurious app earances of obstru ction 
that may result from poor mixing of thick bile and 
co ntr ast material, p a rt icular ly  at the level of the 
common hepatic duct. It also helps in opacifica tion of 
st ru ctur es  such as the g al l-bladd er  and cyst duct, 
while allowing more precise loc alisat io n of the site of 
o b s t r u c t i o n  and reducing the amount of contrast
ma t eri al  used (Mueller et al. 1981). Rad iographs are
then obtained of the site of obst ru ction as well as of
any ductal system seen proximal or distal to the 
obstruction. If the common bile duct is dilated down 
to the region of the ampulla, administrat ion of 1 mg 
gl u c a g o n  int ravenously may disti ng uish functional spasm 
from patho log ical obs truction (Mueller et al. 1981). 
De layed films taken up to 2 hours later are valuable,
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p a r t i c u l a r l y  if there is obstruction, and sometimes 
result in late op acification  of the gall- bla dder 
(Fer ruc ci & Wittenberg, 1977), If external drainage is 
not to be carried out, bile and contrast material are 
then w i t h d r a w n  to decompress the biliary system as much 
as possi b l e , a n d  the needle is finally removed. A wide 
adhesiv e tape is placed tightly around the lower chest 
to immoblize the flank. Biliary aspirates are sent for 
m i c r o b i o l o g i c a l  studies. When the first attempt has 
failed to enter a biliary radicle, up to 15-20 passes 
can be attempted, because a high number of passes is 
not as sociated with higher morb id ity and does increase 
the success rate of visual izing a no n-dil ated biliary 
tree (Ferrucci & Wittenberg, 1977; Mueller et al. 1982; 
Pereiras et al. 1977).
The fine-needle technique has an overall 
success rate in visualiz ation of the biliary system of 
more than 90%. The rate approaches 100% in patients 
wit h  dilated ducts and between 70 and 95% in patients 
with nond ilated ducts (Ariyama, 1983; Benjamin et al. 
1978; Ferrucci & Wittenberg, 1977; Mueller et al. 1981; 
Pereira s et al. 1977). Therefore, failure to visualize 
the biliary tract in experien ced hands strongly 
indic at es that the jaundice is non- obstruc tive and 
suggests  the need to consider liver biopsy (Fraser et
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al. 1978).
If the infor mat ion obtained at PTC, 
p a r t i c u l a r l y  in patients with complete ext rahepatic 
obstruction , is not conclusive, hypoto nic duodenog ra phy 
can be perform ed  i m m e d ia te ly after PTC if the patients 
co nditi on  permits. This may dem onstrate the presence 
or absence of duodenal  involv ement  and clarify the 
nature of the biliar y obst r u c t i o n  (Gourtsoyiannis  &
N o l a n , 1 9 7 9 ).
A l t h o u g h  PTC wit h the Chiba needle is accepted 
u n i v e r s a l l y  as a standard method for per forming PTC, 
there may still be a place for the sheathed needle
technique, e s p e c i a l l y  if there are dilated intrahepatic
ducts and there is a need for preop erative  drainage of
the bi li ary tree. This avoids the need for two liver 
pun ctu re to es tablish  draina ge (Russell et al. 1978). 
This and the fact that inadequate drainage of an 
obstructe d system by a Chiba needle which may result in
e x t r a v a s a t i o n  of bile through the needle tract and 
false identi f i c a t i o n  of the level of obs truction have 
led many workers to try to mo dify the old sheated 
needle technique; none have so far developed a better 
alte rnati ve  (Andrews & Hawkins, 1984; Andrews et al. 
1984).
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Other techniques of tra nshepa ti c c h o l a n g i o g r a p h y
P e r c u t a n e o u s  tr ansch o l e c y s t i c  cho la n g i o g r a p h y
The main adva ntages of this technique are that
it is easy to perform, has no signif icant  major
co mplicatio ns, is less painful, is a valuable 
a l t e r nati ve  to transhepat ic ch o l a n g i o g r a p h y  for 
o p a c i f i c a t i o n  of non -d il ated bile ducts and has proved
useful for both dia gno st ic and therapeutic purposes
(Illescas et al. 1986; T e pl ick et al. 1986).
P e r c u tane ou s t rans ju gular tra nshe patic cho la ngiography
The pr oce dur e is said to be easy, relatively 
safe, and carrys a good success rate. However, a high 
rate of G r a m - n e g a t i v e  sept icaem ia  has been reported 
wi t h  some fatalities so that this approach is only of 
h i s t orica l import ance (Elias, 1976).
Open m i n i l a p a r o t o m y
A dia gno st ic procedure has been recommended 
w h i c h  involves opening the perito ne um through a 4-5 cm
m i d li ne sub-xi phoid incision under local anaesthesia. 
The liver and the adjacent structures can be directly
inspected. In addition to cholan gi ograph y and needle
liver biopsy, the " m i n i l a p a r o t o m y 11 allows manometry and
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v e n o g r a p h y  of the portal system (Elias, 1976). 
Ho wev er , this proc edu re has not proved popular.
I NDICA TI ONS AND C O N T RAI ND ICATION S TO PTC 
I nd ic ati ons
Our u n d e r st an ding of PTC suggests that its 
cu rrent indica tions are the need for;
1- direct v i s u a l i z a t i o n  of the biliary tract in 
pat ie nts with clinical obs tru ct ive jaundice.
2- d e l i n e a t i o n  of the anatomy of the biliary tract 
after surgery. PTC is p a r t i cu la rly useful when there 
is clinical evidence of partial ob st ruction (Goldberg, 
1983). It is the pr ima ry method for evaluation of 
b i l i a r y - e n t e r i c  anastomose s, demon str ates biliary 
a n a to my in great detail and can be used regardless of 
the site of the ana st omosi s or prior gastric surgery 
(Gold & Price, 1980). Plain ra diography  of the upper 
ab domen  can demons trate gas in the bile ducts 
i n d i ca ti ng that a c o mm unicat io n exists with digestive 
tract, but it does not n ece ss arily indicate that the 
b i l ia ry an astom osis is wide enough to allow unimpended 
flow. Conversely, lack of ide ntifiable gas in the bile 
ducts does not n e c e ssari ly  imply that the biliary 
an astomo sis inadequate.
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Intravenous ch olang i o g r a p h y  can be extremely 
di f f i c u l t  to interpret in p o s t — operative patients and 
is n ow  seldom used. Barium reflux c h o l a n gi og raphy is 
not always possible in that barium may not reflux from 
g a s t r o i n t e s t i n a l  tract through the surgical
anastomosis. Even if barium does gain access to the
bile ducts sig nificant diseases such as calculi,
c o m m u n i c a t i n g  abscess and fistula can be missed because
of the dense filling and the overlying barium filled 
st o mac h and duodenum. ERCP is an alternative in many 
patients but requires highly trained endoscopist and 
a p p r o p r i a t e  equipment.
3- id e n t i f i c a t i o n  of surgical disease in patients with 
n on - d i l a t e d  ducts (Mueller et al. 1982; Okuda et al. 
1974). Such patients may include those with a history 
of bi liary colic in whom US and oral cho lecystography 
have proved negative. PTC may also be of value in 
conditions  such as sclerosing cholangitis in which 
ductal pa tency can be determi ned when other techniques 
have failed. PTC can also be used to study the lower 
p o r ti on of the common bile duct in patients with 
p an cr eatic head lesions. It must be remembered that 
ne ither  intravenous c h o l a n giogra ph y (IVC) nor US are 
s a t i s f a c t o r y  for the study of the lower common bile 
duct, altho ug h ERCP is freq ue ntly a viable alternative
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to PTC.
4— as an intial exa minatio n before percutaneous biliary 
dr a ina ge  (PTD) or other intervent ional procedures. 
Ap pr o p r i a t e  therap eutic decisions can be made from the 
results of PTC (Mueller et al. 1982).
C o n t a - i n d i c a t i o n s
The c o n t r a - indic at ions to PTC are few and all 
are relative. The risk of bleeding is high in patients 
with a bleedi ng diathesis; such abn orm alities must be 
c o r re ct ed or the technique should be avoided if they 
cannot (Harbin et al. 1980; Lintott, 1985). Previous 
a l l ergic reaction to iodinated contrast media is a 
c o n t r a - i n d i c a t i o n  to PTC, though if the information is 
es sen tial, PTC can be done under cor ticosteroid cover 
(Goldberg, 1983). Very poor general condition and/or 
deep j a u ndice  are regarded as relative
c o n t r a - i n d i c a t i o n s  to PTC. PTC can be carried out
under general a naesth es ia in children, the mentally 
d i s o r d e r e d  and in very unc oo perati ve  patients.
High fever or continous fever (above 38 C) was 
once considere d to be a contra-indication, but 
c ho la ngitis with sepsis is no longer a
c o n t r a - i n d i c a t i o n  in that PTD may be life saving (Okuda 
et al. 1974; Lintott, 1985), particul ary if endoscopic
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appr oache s have failed. Although ascites is not an
ab solut e cont r a - i n d i c a t i o n  to PTC, it can interfere 
w i t h  because the liver is displaced from the abdominal 
wall so that the distance traversed by the needle is 
increased. Also the liver is less fixed in position,
ma ki ng it more difficult to puncture it per pendicula r 
to the capsule, thus increasing the likehood of
bleeding. Therefore, para cen tesis should precede the
procedu re  (Lintott, 1985). Severe anaemia, marked 
d i s t o r t i o n  of the intrahepatic biliary ducts by
m e t a s t a t i c  disease and HBs Ag positivity have been
regarded by some as relative co nt ra-indication s for
PTC.
CO M P L I C A T I O N S  OF PER CUTA NEOUS  TRAN SHE PATIC 
C H O L A N G I O G R A P H Y
The use of a large shea thed- needle PTC in 2464 
collect ed  cases reported between 1960-1977 carried an 
overall major c o m p l icat io n rate of app rox imately 5% 
(which included 3.5% bile leakage and 1.8% 
intrap e r i t o n e a l  haemorrhage) with a 0.8% mortality rate 
(Harbin et al. 1980). The literature contains 
c o n f l icti ng  reports on the complication rate of 
Chiba - n e e d l e  PTC. Most authors agree that the
60
pr o c e d u r e  is safer than the s h e a t h e d — needle technique. 
However, major complications including bile
peritoniti s,  haemorrhage, septic shock and even death 
o c c a s i o n a l l y  occur. In a large m u l t i — centre survey in 
the USA dealing with 2005 Chiba needle procedures, the 
ov erall major com plication rate was 3.4% (Harbin et al. 
1980).
Regarding the need for the immediate surgery 
after Chiba-needle PTC, if a dilated biliary system is 
d e m o n st rated,  there are three schools of thought. At 
one extreme it was suggested that laparotomy should be 
u n d e r t a k e n  within a few hours (Elias, 1976; Juler et 
al. 1977). At the other end of the spectrum, most 
authors now agree that while surgical facilities should 
be available, urgent laparotomy is rarely required 
(Benjamin et al. 1978; Ferrucci & Wittenberg, 1977; 
Robert et al. 1980). An intermediate school suggests 
that lap arotomy  should be performed at the earliest 
co n v enient  opportunity, usually withi n three days 
(Gibbons et a l . 1983).
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The following  factors may affect the complic at ion rate
fo l l o w i n g  Chiba-needle PTC:-
1- As the number of needle passes increases so does 
pa tient  discomfort, but int erestin gly this does not 
increase the number of significant complicat ions  
(Mueller et al. 1981; Mueller et al. 1982).
2- The experience of the radiologist may affect success 
rate but does not seem to be an important factor 
a f f e cting  the incidence of complications (Harbin et al. 
1980).
3- B r o a d - s p e c t r u m  antibiotics and correction of any 
cl ott i n g  defect are generally thought to reduce the 
chance of cholangitis, septicaemia and bleeding (Harbin 
et al. 1980; Mueller et al. 1982).
4- Vi go ro us  breathing and movement during the procedure 
i nc reases the risk of bleeding (Juttijudata et al. 
1984; Okuda et al. 1974).
5- Bile aspiration and drainage of a dilated biliary 
tract reduces the risk of troublesome bile leakage 
(Denning et al. 1981).
6- Al t h o u g h  there is no controlled study in the 
l ite rature,  it has been suggested that avoidance of 
e x t r a h e p a t i c  puncture of the biliary system and an 
e a rl y surgery following de mo nst ration of a dilated 
du cts  is beleived by some to reduces the complication 
rate (Harbin et al. 1980; Mueller et al. 1981; Mueller
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et al. 1982).
7- P o s t-pro ce dural close sup ervision and observation, 
in cl ud ing routine chest X-ray, allows early detection 
of any comp licatio n and to promopt in stitution of 
a pp ro priate  treatment.
8- Generally, patients with ascites, cholangitis and 
o b s t r u c t i o n  with infection are more likely to have 
c o m p l ic ations  following PTC (Mueller et al. 1982).
9- Nearly  all the complications are encounted in 
patien ts with surgical problems (ex trahepatic biliary 
o bstru ct io n), particularly those with dilated ducts due 
to gal l- st ones (Harbin et al. 1980; Okuda et al. 1974).
10- Patients with vascular lesions such as 
h e p a t o c e l l u l a r  carcinoma are more prone to bleeding 
after PTC (Lee et a l . 1984).
The main major and minor complications following 
C h i b a - n e e d l e  PTC are:-
1- Death
Introdu cti on of the Chiba needle appears to 
have reduced the reported mortali ty rate of PTC from 
0.4% to 0.2% (Drake & Beal, 1965; Harbin et al. 1980). 
The causes of death in these cases were often related 
to the need to perform emergercy surgery because of 
i n t r a p e r i t o n e a 1 haemorrhage or sepsis, and most of the 
pat ien ts died as a result of post-operative
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complic at ions or septic shock. The relative safety of 
m o d e r n  PTC technique is affirmed by Ariyama 
(1983), who had only three (0.1%) deaths after 2745 PTC 
pr oce dures. However, this was not the case with more 
recent single institution studies where a death rate of 
upto 7% has reported (Baumgartner et al. 1987).
2- Sepsis
Fever and chills may be accom panied by 
hyp ot en sion, a positive blood culture and severe 
pro str ation. Fever not acompanied by hypotension, a 
po si ti ve blood culture or severe pro st ra tion is common 
as a manif es tation of transient ba ct eri mia during PTC 
(Okuda et al. 1974). Septicaemia is diagnosed when 
fever is accompanied by hyp otension and positive blood 
culture. Sepsis is the most frequent major
c om pl i c a t i o n  of Chiba-needle PTC and is almost entirely 
lim ite d to patients with biliary tract obstruction 
(Okuda et al. 1974). The overall reported incidence of 
s e p t icaem ia  associated with PTC is about 2-3 % (Harbin 
et al. 1980; Kreek & Balint, 1980).
Sepsis following PTC is the result of infected 
bile entering the blood stream via direct
c o m m u n i c a t i o n s  between the biliary canaliculi and the 
liver sinusoids in patients with biliary obstruction.
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It has been shown that bile is infected in 71-90 % of 
patients with common duct stones and 25-36 % of
patients with malig nan t bi li ar y obs tr uc tion (Keighley, 
1977; Ke ig hley et al. 1974). Blood stream 
co ntam i n a t i o n  may also occur via the needle tract as it 
traverses both bile ducts and veins. S e p s i s - r e 1 a ted
shock occuring within hours of the procedure is
pro duc ed primari ly  by release of end ot ox in rather than
bacte ria l seeding of the blood per se.
P ro phy lac tic use of b r o a d - s p e c t r u m  antibiotics, 
me ticul ou s asepsis, and surgical or radiological 
d e c o m p r e s s i o n  of the obstru cted biliary ducts are
crucial for preventing sep ticemia (Mueller et al.
1982). Antibiotics, however, will not prevent sudden
e n d o t oxae mi a caused by organisms forced out of the 
bi lar y tract and into the blood stream during
cholangiog rap hy. Thus some patients with infected bile 
may experience endotoxic shock shortly after PTC
despite adequate prophylactic antibio tic ad ministr ation 
(Ke ighley et al. 1973).
When septicaemia is diagnosed  in a patient
after PTC, vigorous treatment includes repeated blood
cultures for aerobic and non-ae robic  organisms, 
cor r e c t i o n  of hypot ension and anaemia, broad-spectrum
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a nt ib iotics and symptomati c support.
3- Bile leakage
The incidence of sy mpt omatic bile leakage 
fo llowi ng  Chib a-needle PTC is about 1-3% (Harbin et al. 
1980; Kr ee k & Balint, 1980). A small amount of 
b lo od - s t a i n e d  bile is found in the peritoneal cavity at 
la parotom y following PTC in most patients with 
ex tr a h e p a t i c  biliary obstruction. This rarely results 
in any abnorma lit ies of the pulse, blood pressure or 
temperature. When the leakage becomes symptomatic 
(with 150-200 ml of bile in the peritoneal cavity) 
there is abdominal pain and tenderness. Pain may be 
referred to the right shoulder. As peritonitis becomes 
es ta blis he d more signs and symptoms appear and the 
sepsis must be treated vig o r o u s l y  with antibiotics and 
em e r g e n c y  laparotomy. A 40% incidence of symptomatic 
bile leakage following fine needle PTC was reported in 
small series (Juler et al. 1977).
Methods of reducing the incidence of bile 
leakage after PTC include immediate surgical or 
rad iol ogic al  decompres si on of the biliary system if the 
ex tr a h e p a t i c  ducts are obs tructed or if the pressure in 
the system exceeds 35 cm of water, aspiration of as 
muc h bile as possible after completion, and avoidance
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of o v e r — d i s t en sion of the biliary system and 
ex tr a h e p a t i c  puncture of the biliary tract (Mueller et 
al. 1981; Mueller et al. 1982).
4- H a e m orrh ag e
(i) Subca psular haematoma is an occasional
c o m p l i c a t i o n  of PTC but is gene ra lly clini cally silent 
and has no serious consequences. It is usually
diagnos ed  only if the patient under goe s surgery.
(ii) I n t ra pe ritonea l haemorrhag e is a major
c o m p l i c a t i o n  in about 0.3-0.4 % of PTCs conducted with 
the Chiba needle. Although it does not cause death 
d i r e c t l y  it may precipit ate emergency surgery 
es p e cially  when a co ag ulation disorder is present
(Harbin et al. 1980; Kreek & Balint, 1980). 
I nt r a p e r i t o n e a l  bleeding should be suspected when there 
is con ti nous right upper quadrant distress and a drop 
in haema tocrit.  Latter the patient may develop signs 
of shock and/or periton eal  irritation. The bleeding 
may cease with blood transfusion, but if laparotomy is 
required, bleeding can be controlled by suturing the 
tear in the liver capsule.
(iii) Hae mo bi lia means haemo rrhage from the liver 
p a r e nc hy ma into the biliary ducts. It is an unusual
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co mpl i c a t i o n  of PTC, it is reported incidence varying 
from 0% to 4%, probably because the condition  is 
us u all y self-limited and associa ted  with a minimal 
di s c o m f o r t  (Cahow et al. 1977).
5- Chest com plications
The pleural refl ect ion in the costophrenic 
sulcus has its highest point ante ri orly behind the 
xi ph oid process, and then sinks to its lowest level at 
the level of the 10th rib in the mid axillary line. 
The reflecti on  then passes vi r t u a l l y  ho ri zon tally 
posteriorl y,  crossing the 11th and 12th ribs and ending 
m e d i a l l y  beneath the 12th rib at the level of LI. 
Despite  the fact that most punctures in 8th, 9th or 
even 10th intercostal spaces traverse the pleura, 
d i a p h r a g m  and peritoneu m to reach the liver (but pass 
be low the lung), the incidence of pleural complications 
is less than 0.2%. The reported chest com plications of 
Chiba-needle PTC are pneumothorax, tension
pneumothor ax , haemothorax and hep atob ro nchial fistula 
(Harbin et al. 1980; Okuda et al. 1974; Wild et al. 
1980).
6- Radi ation
Every patient under going PTC and the 
ra diologi st performing it will receive some radiation.
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The dose depends upon the total fluoroscop y time, 
number of exposures, technique of rad io graphy and use 
of protectiv e measures. The average absorbed dose of
rad ia tion  per ex ami nation for a radiologist permorming
PTC within the 14 minutes average screening time is 
about 4-5 mRad for his forehead and neck, 55 mRad for 
the eye lens, 55 mRad for the right hand, 150 mRad for
the left hand and less than 1 mRad for the rest of his
body if covered by apron; for the assisting nurse the 
dose is less than 10% of these values (Gustafsson & 
Lunderquist, 1981). Therefore, the greatest
co ntr i b u t i o n  in all cases comes from exposure of the 
unsh ielde d head and neck, and the registered dose on 
the film dosimeter (worn under the apron) gives an 
incomplete picture of the risk to the personnel.
The following measures should be taken to 
reduce the radiation hazards both for the patient and 
wo r kin g s t a f f :
(i) reducing fluor oscopy time to a minimum; this can be 
assisted by using a Vid eo-disc  recorder.
(ii) reducing the number of X-r ay  exposures.
(iii) stepping back from the patient during the 
exposure time.
(iv) wearing a protective lead apron. A 0.25mm thick 
apron reduces the exposure to radiation to 10%, while a
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0.5mm thick apron reduces it to 1% only.
(v) use of lead barriers, protective glasses and 
re du ct ion in the number of persons in the ex am ination 
room during exposure.
(vi) coning down the rad iation beam and protecting 
other parts of the patient by lead shields (Fraser et 
al. 1978).
(vii) limiting the number of the PTC procedures 
pe rf or med by any radiologist per year.
(viii) use of rare-earth screens (ultra-fast screens) 
to reduce the radiation dose required during each 
e x p o s u r e .
7- Contrast material reactions
The incidence of drug reactions was reported to 
be only 0.15% (three in a total of 2005 procedures) and 
no deaths were attributable to this cause (Harbin et 
al. 1980). The severity of reaction  varies from mild 
u rt ic aria to severe anaphylactic shock, depending on 
p rev ious sen sit ization of the patient and the route of 
entrance of the contrast to the circulation. Urticaria 
is usual ly transient and does not need any specific 
treatment apart from stopping further drug injection. 
Systemic anaphylaxis is pote ntiall y fatal if not 
treated promptly by intravenous hydrocortisone and 
su bcutaneo us adrenaline.
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8- Mi s c e l l a n e o u s  complications
(i) Tr ansie nt right upper quadrant and epigastric 
pain of varying intensity but usu all y alleviated by 
analgesics, is very common after PTC. It must be 
d i f f e r e n t i a t e d  from pain refelectin g major
complic at ions (Berk et al. 1982). However, sometimes 
can be very severe and obviates the procedure to be
abandont or performed under general anaesthesia,
e s p e c i a l l y  when PTD is also required (Lukes et al. 
1985).
(ii) Transient vasovagal attacks may occur during 
in se rt ion of the needle, espe ciall y following 
gall - b l a d d e r  puncture (Lukes et al. 1985; Pereiras et
al. 1977).
(iii) Arteriovenous fistula is a very infrequent 
co mp l i c a t i o n  of Chiba-needle PTC, prob ably because of 
the small calibre of the Chiba needle. It is usually 
sy mp tom les s and is only diagnosed if the procedure is 
followed by angiography. Persistence of an
a rt er ioveno us  fistula may cause some parenchymal
changes and phlebosclerosis along the portal venous 
branches receiving arterial blood, but signs of portal 
hyper tension are unusual (Okuda et al. 1978).
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(iv) Needle bending during the procedure has been 
re por ted es pe ciall y when a firm, neoplasti c or 
ci rr hoti c liver is punctured, but clinical sequelae or 
ne edl e breakage have not been reported (Harbin et al. 
1980).
I N T E R P R E T A T I O N  AND USEFULNESS OF PTC
PTC permits direct v i s u a l i z a t i o n  of the biliary 
tract in order to detect the presence or absence of 
obstruction , and the site and probable nature of any 
obst r u c t i o n  present.
Presence of obstruction
PTC determines the presence or absence of
o b s t r u c t i o n  of the biliary system in nearly 100% of 
cases when the procedure is successful as verified by 
the final diagnosis as confirmed by laparotomy, autopsy 
or liver biopsy (Juttijudata et al. 1986; Pedersen et 
al. 1985). The diameter of the common bile duct is 
affec te d by the injection pressure of the contrast, 
radiogr ap hic magnif ication and premedication. The 
c al cu lated upper limit for the diameter of the normal 
common bile duct is 10-11 mm (Niederau et al. 1984).
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Site of o bstruc ti on
The ability of PTC to define the site of 
ob st r u c t i o n  acc urately  is bet wee n 90-100 % (Gibbons et 
al. 1983; Jutt ijuda ta  et al. 1986; Pederse n et al. 
1985). Int erpr et ation of the level of block can be 
aff ect ed by incomplete filling of an obstructed biliary 
tree co ntaining  thick inspissated bile or failure of 
proper mixi ng of the contrast with stagnant bile. To 
avoid misi n t e r p r e t a t i o n  as much bile as possible is 
aspi rat ed before injection of contrast media. Movement 
of the patient during the procedure, including putting 
him in semierect or upright posit ion is recommended as 
is repeated fluoroscopic e x a m i na tion and taking films 
at intervals of up to three hours. Care must be taken 
to ensure sharp del ineat io n of the obstruction,
p r e f er ab ly with some flow of contrast material beyond 
it and this can be aided by combining PTC with
hypoton ic  du ode nography (Go ur ts oyianni s & Nolan, 1979).
Nature of obstruction
The accuracy of PTC in determining  the precise 
cause of obstruction, as verified by biopsy, autopsy or 
laparotom y findings, ranges between 87% and 96% 
(Gibbons et al. 1983; J ut ti judata et al. 1986). In a 
total of 106 patients evaluated by both PTC and US
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recently, the former had an overall se ns itivity of 93% 
in d eterm in ing the cause of obstruction, with a 
pre di ct ive value of 78% in benign non -calculous 
ob struction , 97% in mal ignant obs tru ct ion and 100% in 
ca lculous o bs tr uction  (Pedersen et al. 1985).
THE CHOL AN G I O G R A P H I C  AB NO RMALITIES
BE N I G N  O BSTR UC TION
Benign obs tructions are character ised by the 
f o l lo wi ng features (Fleming et al. 1972; Goldberg,
1983);
(i) benign strictures have smoothly tapered margins 
wit h smooth contour, are concent ric to the proximal 
d i l a t a t i o n  and are usually only a few centimetres in 
length.
(ii) with complete ob st ruction due to an impacted 
stone, the distal end of the contrast column may be 
indented by the stone, producing a do wnwardly concave 
me niscu s sign.
(iii) intraductal filling defects can be due to stones, 
mucous or polypoid tumours. Unless impacted, stones 
may move with a change in the patients position but do 
not change their shape (which is usually, but not 
always, rounded). On the other hand, mucus may change 
shape and is usually elongated. Debris tends to be 
amo rphous and sometimes diffuse, giving a double 
contrast appearance to the cholangiogram.
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The following are de sc ripti ons of the 
c h o 1a ngiog ra phic abnormalities found in some common 
b eni gn conditions :-
Chro nic  pancrea titis
In about 30% of patients with chronic 
p a n c r e a t i t i s  diagnosed by E R C P , plain radiographs of
the abdomen reveal diffuse panc reatic calcification;
whe n cal ci ficati on  is present, the diagnosis of chronic 
p a n c r wati ti s is almost certain (Goldberg, 1983).
The intrapancreatic portion of the common bile 
duct is often involved by chronic pancreatitis. The 
inci den ce of abnormalities of the biliary tract is not 
related to the age or sex of the patient, but it is 
si g n i fi cantlly  related to the severity of the disease. 
The changes are more common in severe cases of chronic
p a ncre at itis (69%) than in minor forms of the disease
(28%) as assessed by the mo rphological changes on ERCP 
(Guien, 1979). Cholangitis, obstructive jaundice,
chronic abdominal pain, and secondary liver cirrhosis 
may result from stenosis of the lower common bile duct 
in chronic pancreatitis (Gregg et al. 1981; Scott et al 
1977). The overall reported incidence of biliary tract 
a b n o r mali ti es associated with chronic pancreatitis, 
de mo n s t r a t e d  by PTC, ERCP, or operative
ch ol an giogra ph y, is about 44% (Siegel et al. 1979;
Wi sloff  et al. 1982). The pancreatic and bile ducts 
are not always involved to the same degree, so that 
both  ductal systems should be visualized for accurate 
d i a g nosis  (Sahel, 1986).
Although Petrozza & Dutta (1985) found at
least twofold elevation of serum alkaline phosphatase 
co n c e n t r a t i o n  in 14 of their 15 patients with chronic 
p a ncre at itis and abnormalities of biliary tract as
d e m o n s t r a t e d  by direct c h o l a n g i o g r a p h y , this 
r e l i a b i l i t y  of serum markers was not reflected in other 
studies. For example, Wisloff et al. (1982) Found an 
ele vat ed total serum bilirubin in only 50% of their 
cases with chronic pancreatitis and abnor matities of 
the bili ary  tract.
The two characteristic changes in the common 
bile duct which may be found in chronic pancreatitis 
are :
1- D is pl acement  (abnormalities of course)
It is caused by enlargement of the head of the 
pancreas. The duct appears rigid and may be displaced 
l a t e r a l l y  or medially. In some cases, the bile duct 
appea rs straightened so that the involved segment
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d e m o n s t r a t e s  a striking "pipe-stem" appearance, an
ap p e arance  seen best on cine recordings of the 
in j e ction phase of the cholangiography. Dis placement
of the common bile duct may also be caused by a 
pse u d o c y s t  in the head of the pancreas. In such cases, 
the smooth out line of the narrowed duct suggests a
b e nign  process (Fleming et a l . 1972; Freeny & Lawson, 
1982; Lang, 1974).
2- Stenosis of the intrapancreatic portion of the
common bile duct
Stenosis occurs in more advanced cases of 
chronic pancreatitis as a result of periductal 
fibrosis. Although complete obstructi on is rare,
d i l a t a t i o n  of the proximal extrahepatic and 
in tr a h e p a t i c  ducts may be due to increased resistance 
of the flow through the narrowed segment. A patient 
wit h  grea tly  dilated ducts is more likely to have stone 
obstructio n,  carcinoma of the head of the pancreas, or 
p r i ma ry  ductal carcinoma rather than a benign stricture 
(Flemi ng et al. 1972). The maximum diameter of the 
dila ted  portion of the common bile duct noted in 
ch ronic pancreatitis was between 6-28mm in the series 
reporte d by Petrozza and Dutta.., ( 1985)»
Different types of strictures of the common
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bile duct have been described in chronic pancreatitis, 
the com monest is a stricture with an elongated tubular 
sm oo th  margin, tapering gradually throughout the 
i n t r a p a n c r e a t i c  portion of the common bile duct 
(P etroz za  & Dutta, 1985; Wilsoff et al. 1982). 
A c c o r d i n g  to the original classific ati on of the 
s t r u ct ur al changes of the common bile duct by Caroli & 
Nora (1952) and subsequently of Sarles et al. (1958), 
both the type I and type III strictures are 
p a t h o g n o m o n i c  of chronic pancreatitis. On the other 
hand, type IV and type V strictures can be seen in 
chronic pancreatitis as well as in pancreatic carcinoma 
(Figur e 2 ).
Type  I stricture of Caroli
This stricture is characteristic of calcified 
ch ronic  pancreatitis, but is pathognomonic of chronic 
p an cr e a t i t i s  even when calcification is not present. 
It is present more often in severe cases of chronic 
pa ncr e a t i t i s  than in mild cases. It is a diffuse 
l o n g i t u d i n a l  stricture of the retropancreatic and 
i n t r a p an cr ea tic portion of the common bile duct. The 
r et r o p a n c r e a t i c  narrowing is progressive and conical, 
whi le the intrapancreatic stricture, which measures 
40 -60 mm, can assume many shapes. It may be rectilinear 
and uni fo rmly narrowed or irregular and made up of many
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segments. The narrowing is always incomplete, and is
f r e q u e n t l y  associa ted with dilatation of the proximal 
bi l i a r y  tree, but only moderately. Type I stricture
has been reported to be constitute 40-66% of common
bile duct ab normalities  reported in the literature
(En g e l h o m  et al. 1976; Guien, 1979; Guien & Camatte,
1971 ).
Type II stricture of Caroli
This stricture is a dilatation of the entire
bi l i a r y  tract as far as the sphincter of Oddi, and is 
the picture produced by "odditis" or on occasion by 
p e r i a m p u l l a r y  carcinoma; it is not seen in primary
chronic pancrea tit is.
Type III st ric ture of Caroli
This stricture is a very localised annular
c o n s t r i c t i o n  in the mid common bile duct at the upper 
border of the pancreas; it is as if the duct was 
su rr ou nded by a cuff from 2cm to 4cm long. It is a 
slender wa isted stricture with an hour-glass
appearance. At ERCP there is a failure of the duct to 
distend, while the inferior portion of common bile duct 
and papilla are normal. It is much less common than 
type I stricture. It is also typical of calcified 
chronic pancreatitis  and occurs more frequently with
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severe disease than with mild disease. It forms 15%
(range: 3-33%) of the common bile duct abnormalties
seen in chronic pancreatitis (Engelhom et al. 1976; 
Fleming et al. 1972; Guien, 1979; Guien & Camatte, 
1971; Sarles et al. 1965; Wisloff et al. 1982).
Type IV stricture of Caroli
This is a localised lateral or medial
c o m p r e s s i o n  of the lower portion of the common bile
duct, and is a common finding in chronic pancreatitis, 
cysts and pancreatic cancer. Even and smooth lateral 
co mp r e s s i o n  with deviation of the bile duct, the lower 
part of which is normal, suggests chronic pancreatitis. 
On the other hand, a long compression, bowed and arched 
round a mass, favours a cyst. Retrog rade dilatat ion is 
u su all y present, while distally the common bile duct is 
of normal calibre and the papilla is normal. This type
of stricture is seen in only 4-6% of cases of chronic
p ancre at itis (Engelhom et al. 1976; Guien & Camatte, 
1971; Sarles et al. 1958).
Type V stricture of Caroli
This is a complete stenosis of the common bile
duct at the upper border of the pancreas shown by
p r e o p erat iv e ch ol angio graphy but occasionally the
stenosis may be opacified from below by ERCP.
81
R et r o g r a d e  dila ta tion of the bile duct is the rule. It 
is highl y charac tar istic  of pancreatic cancer, but it 
also found in 2% of cases of chronic pancreatitis 
( E n g el ho m et al. 1976; Freeny & Lawson, 1982).
The radiological appearances of the lower 
co mm on  bile duct in chronic pancreatitis either remain 
u n c h a n g e d  or progress sp ont aneously by an increase in 
the calibre of the hepatic duct above the stricture; 
that is type III stenosis evolves towards the 
a p p e a r a n c e  of a type I stricture and then becomes 
p r o g r e s s i v e l y  more marked. After
p a n e r e a t i c o j e j u n o s t o m y , type III strictures can
d i s a p p e a r  whereas type I strictures may occasionally 
improve or remain unchange d (Freeny & Lawson, 1982; 
Sarles et al. 1958; Sarles et al., 1965).
The g a l l - b l a d d e r  is usually normal in chronic 
pa ncr ea ti tis. When it is abnormal, the most typical 
a p p e a r a n c e  is of an atonic enlarged gall-bla dder which 
is slow to empty (Sarles et al. 1958). G a l l — bladder 
stones are very unusual in chronic pancreatitis (Guien 
& C a m a t t e , 1971).
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C h o l e d o c h o l i t h i a s i s
Stones in the bile duct may remain asymptomatic 
for many years, and somet imes may pass spont enously
into the duo denum. However, the comp lic ation s of
c h o l e d o c h o l i t h i a s i s  in a d d it ion to obstructive jaundice
include chol an gitis , pa nc rea titis, hepatic abscesses, 
s e c on da ry  b i l ia ry cirrhosis with portal hypertension, 
and fistulas  to the d u o d e n u m  or colon.
De spite  the fact that only 15% of co mmon duct 
or intra h e p a t i c  biliary stones are suf fici ently  opaque 
to be reco gnize d on plain film, one should always 
obtain a scout film prior to o p a c i ficat io n of the
bi li ar y tree to search for abn orm alities such as 
ca lc if ica tion, air, and foreig n body, all which might
cause co n f u s i o n  if only p o s t - i n j e c t i o n  radiographs are
obtained. The entire biliary tree should be opacified 
during cholangi og raphy. Althou gh  stones are most
f r e q u e n t l y  e x t r a he pa tic , as many as 16-25% can be
in t r a he patic (Larsen et al. 1976). The
c h o l a n g i o g r a p h i c  picture in cho le docholi th iasis is 
u s u ally that of a d o w n wardly  concave meniscus sign and 
in many instances, multip le radioluce nt filling defects 
can be seen in dilated proximal segments. Impacted 
stones may produce a menisc us which is upwardly concave 
if contrast is instilled from below at ERCP. Multiple
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o b l i q u i t i e s  should be obtained to confirm the presence 
of the men is cus in all pro je ctions  and so differentia te 
stone from polypoid tumour. The latter will be
adh er ent to the wall in at least one projection.
Polypo id tumours fr equently expand the duct, whereas
stones do not (Ligourt & Canard, 1983). The
d i f f e r e n t i a l  diagnosis must include blood clot, 
ad mixtu re  defect, and air bubbles. The latter are
u s u a l l y  round and smooth whereas stones are seldom 
p e r f e c t l y  round and smooth. A patient with greatly 
di lat ed ducts is more likely to have stone obstruction, 
p a n c re at ic ca rc inoma or primary ductal carcinoma than a 
benign st ric tur e (Fleming et al. 1972); but it is well
reco gnize d that stones may be present in normal calibre
ducts (Larsen et al. 1976). In We ste rn  countries, 
stones are rarely found in the bile ducts alone and not 
in the gall-bl ad der. The incidence of
c h o l e d o c h o l i t h i a s i s  in patients after cho lecystectomy 
is 2 to 10 per cent (Teplick, 1981).
The p s e u d o c a l c u l o u s  defect is a peculiar
ra di og raphic  appearance  that mimics a stone at the
lower end of the common bile duct. It is an anatomical 
v a r i a t i o n  p r o bably  due to prominence or unusual 
arr an gm ent of the smooth muscle fibres of the sphincter 
of Oddi. During contractio n these muscle fibres bulge
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into the common bile duct, sim ulati ng a radiolucent
stone. There is no o b s t r u c t i o n  to bile flow and no
proximal ductal dil atation. Ant ispa sm odics do not
change the X - ra y appe arance (Martin et al. 1986; 
Mujahed & Evans, 1972).
S c l e r o s i n g  c holang it is
Sc le ro sing cho la ng itis affects mainly the 
i n t r a h e p a t i c  ducts with ex tension into the common
hepatic duct. It is unusual for the extrahepatic ducts
to be involved wi thou t int rahep at ic involvement; if 
this appears to be the case, und erfill in g or another
di a g n o s i s  must be suspe cted (Chen & Goldberg, 1984). 
The basic lesion is composed of inflam mation and 
fibros is of the bile ducts, so its distinctive
r a d i o g r a p h i c  app eara nc e consists of ductal stiffening 
and i r r e g u l a r i t y  with mu ltiple sites of beading and 
stenosis with a pr ed i l e c t i o n  for bifurcations. Small
out pou ching s (diverticula), sometimes associa ted with
l-2mm length ba nd -like strictures, are more frequent in 
the e x t r a hep at ic ducts and are practically
pa t h o g n o m o n i c  (MacCarty et al. 1983). There is often 
d i m i ni sh ed bra nc hi ng of the int rahepatic radicles,
resulting in a "pruned tree" configuration. Marked 
di l a t a t i o n  proximal to a stricture is quite uncommon
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and if present should suggest other diseases, since the 
di ffuse fibrosis in scl er osing cholangitis usually 
preve nts  si gnifica nt d i l a t a t i o n  (Teplick, 1981).
T r a u m a t i c  strictures
Stenosis due to trauma or surgical intervention 
may involve any part of the common duct but usually 
occurs in the p r e p a n creatic  segment of the common bile 
duct and is c h a r a c t e r i s t i c a l l y  short and smooth 
(Goldberg, 1983). About 60 per cent of iatrogenic 
s t r i ct ur es develop during the first post operative 
week. The rem aining 40 per cent are not symptomatic 
until months or even years after surgery (Teplick, 
1981 ) .
Suppurati ve  cholang itis
Multiple tiny c o n t r a s t - f i l l i n g  cavities,
resembl in g bunches of grapes, con nected with biliary 
tree are typical of s upp ur ative cholangitis. This 
ra d i o gr aphic de m o n s t r a t i o n  is asso ciated  with very poor 
prognosis (Fleming et al. 1972).
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MA L I G N A N T  OBST R U C T I O N
Maligna nt  o bs tr uction  due to carcinoma of 
pancr eas , bile duct or p e r i a m p u l l a r y  region, or to 
m e t a s t a t i c  lesions, hepat om a and lymphomas, is 
c h a r a c t e r i s e d  by one or more of the following features 
(Fleming et al. 1972; Goldberg, 1983);
(i) abrupt te rmi nation of the bile duct.
(ii) app earan ce of an "apple core lesion" is almost 
p a t h o g n o m o n i c  of carcinoma.
(iii) a polypoid defect, due to growth of tumour in the 
o bs tr ucted duct, may be seen either at the end of the 
contra st column or as an irregular lateral filling 
defect.
(iv) the opacified end of the duct is often irregular 
in contour and may have a rat-tail appearance, but it 
may be eccenteric or ulc erate d and can sometimes 
produ ce a dow nwar dl y convex meniscus.
(v) with incomplete mal i g n a n t  obstruction, the 
stri ct ures are irregular and have abruptl y narrowing 
margins; they are often several ce nti meters in length.
(vi) multiple strictures suggest a malignant  aetiology, 
a l t hough they may be due to sclerosing cholangitis.
(vii) de vi ation of the common duct from its expected 
course may be an a c co mpanime nt  of carcinoma of 
pancreas, carcinoma of the g all-bl ad der or malignant
87
lymph node enlargement.
(viii) d i s p la cement and dis torti on  of the intrahepatic 
bi l i a r y  ducts are us ua lly  seen with hepato ma or 
m e t a s t a t i c  lesions.
The following are d e s c rip ti on of the 
c h o l a n g i o g r a p h i c  abnor malit ie s found in some common 
m a l i g n a n t  conditions:
C a r c i n o m a  of the head of pancreas
R e g a rd le ss of its c h o l a n g i o g r a p h i c  appearance, 
any com ple te or ne ar-c o m p l e t e  s t r i c t u r e /obs tr uc tion in 
the mid or distal common duct is highly suspicious for 
ca r cin om a of the head of the pancreas. With complete 
obstructio n,  the pancrea tic segment of the common bile 
duct d e m o n s t r a t e s  a conical cutoff with a thin, 
tail -li ke caudal pro jection, or the caudal margin of 
the ob st r u c t e d  segment is convex, or there is a true 
shou l d e r i n g  at the cut off point. A nipple or beak at 
the point of o b s t ru ct ion is especi ally characteristic 
of ca rc inoma of the pancreas. These appearances are 
u s u a l l y  associated  with marked dil at ation of the intra 
and e xtrah ep atic ducts. With incomplete obstru ction 
due to pan cr eatic carcinoma, there is usually a long, 
ir regular stricture of the intrapancreati c and 
re tr odu odenal portion of the common bile duct.
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Pro xi mal biliary di latation is obviously related to the 
degre e of o bstruc ti on and delayed films may show a
large ga ll- b l a d d e r  (Fleming et al. 1972; Goldberg, 
1983; Lang, 1974). Carcinoma of the pancreas can 
p ro duc e bili ary tract o bst ru ction at higher levels and 
may block the common hepatic duct at any level up to
the porta hepatis by virtue of direct ext ension or
nodal compression. Less commonly, the intrahepatic
ducts are obst ructed by liver metastases.
C ar c i n o m a  of the amp ulla of Vater
In o b s t ruc ti on due to p e r i a mpu ll ary carcinoma, 
the c h o l a n g i o g r a m  shows dila t a t i o n  of the proximal 
ducts wi t h  a complete conical cut off or bi-convex 
lower ma rgi ns of the t ermina ti on of the common bile 
duct (Guien, 1979). With partial ob structio n there are
ei the r ir regul ar  filling defects or encasment and 
steno sis  at the lower end of the common bile duct 
m i m i c k i n g  infl a m a t o r y  diseases of the head of pancreas. 
Local ex p a n s i o n  of the duct at the level of the mass 
wh en  present is a very helpful feature which favours
the diag no sis of a m p u llary carcinoma rather than
calcu lou s obstruction. Some patients with
p e r i a m p u l l a r y  cancer also have associated stones in 
their proximal common duct (Lang, 1974).
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C h o l a n g i o c a r c i n o m a
C h o 1 angiocarcinoraa can be mani feste d by several 
c h o l a n g i o g r a p h i c  pictures which include; (i) a focal 
lesion at the b if ur cation which often grows into the 
duct as a filling defect, (ii) infiltr at ion of the 
porta hepatis with complete obs tr uc tion of right or/and 
left ductal system, or (iii) involvment of several 
intr a h e p a t i c  branches along with irregular narrowing of 
e x t r a h e p a t i c  ducts. Many of these radiographic 
featur es may be simulated by sclerosing cholangitis and 
o c c a s i o n a l l y  by advanced cirrhosis (Goldberg, 1983). 
The pa nc re atic and re trop an creatic  common bile duct is 
u s u a l l y  normal in c h o l a n g i o c a r c i n o m a  (Lang, 1974), 
unless the cancer arises from the lower portion of the 
e x t r a h e p a t i c  bi liary system.
Bile duct carci noma has been classified 
c h o l a n g i o g r a p h i c a l l y  as obstructive, stenotic, or 
p r o t r u b e r a n t  (Li go ury & Canard, 1983). Abrupt 
o c c l u s i o n  of the bili ary system is present in the 
m a j o r i t y  of patients, althou gh delayed or upright films 
may all ow suff icient contrast material to trickle 
beyond the obstruction. The point of obstruction may 
have a bl untly tapered (V-shaped or U-shaped), 
rat-tail, smooth, or irregular appearance. The 
stenotic type is depicted as a strictured, rigid lumen
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wit h irregular margins and prestenotic dilatation. The 
s ten osis may be long or short. Diffuse sclerosing 
c h o l a n g i o c a r c i n o m a  causes widespr ead stricturing 
t hr ou ghout the biliary tree, resembling sclerosing 
ch olangitis . Clues to the correct diagnosis include 
ab sence of d iverti cu la in the ext rahe patic biliary 
tree, more severe disease in the extrahepa tic biliary 
tree and prominent di la tat ion of ducts. The 
p r o t r u b e r a n t  type appears as an intraluminal filling 
defec t u s u ally with irregular margins attached at one 
point to the wall.
C a r c i n o m a  of the ga ll-bladder
Gall - b l a d d e r  cancer causes displacement and 
va r iou s degree o b s t r u c t i o n  of the common duct by 
m u l t i n o d u l a r  masses located close to the porta hepatis 
and the origin of the cystic duct. The pancreatic and 
r e t r o d u o d e n a 1 po rtion of the common bile duct are 
normal and there is us ually associated gall-bladder 
stones (Lang, 1974).
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M e t a s t a t i c  lesions in the liver
Me tas tases to the liver from cancer elsewhere 
p r o du ces non specific displaceme nt and stretch ing  of 
the i n t r a hepati c ducts (Lang, 1974), which is sometimes 
ve r y  di fficul t to differ en tiate from sclerosing 
c h o l a n g i t i s  or cholangioca rcinoma.
U L T R A S O N O G R A P H Y  IN OB STRUCTIV E JAUNDICE
Over the past decade the quality of ultrasound 
(US) appar atu s has improved so rapidly that the
technique  has become general ly accepted as a useful
method for evaluating the biliary system. Since the 
e x a m i n a t i o n  is quick and noninvasive, it is a useful 
s c r e e n i n g  procedure for patients thought to have
ob s t r u c t i v e  jaundice. The clinical advantages of US in
the d i f f e r e n t i a l  diagnosis of jaundice are well
es t a b l i s h e d •
T E C H N I Q U E  AND USE FULN ES S
To scan the biliary tree, the patient is
ex am in ed in a fasting state to obtain physiological 
d i l a t a t i o n  of the gall-bladder. The frequency used is
2 . 2 5-3.5 MHz in most adults and 5 MHz in most childern. 
The tr an sduce r is placed immediately below the
x i p h i s t e r n u m ,  with  the scanning arm arranged in the 
me d i a n  plane. Using high gain, a slow paramedian scan
is performed. Similar scans are made at least every
cent i m e t r e  to the right and left of the midline.
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Oblique  scans and then transverse scans are also 
performed. Usually the patient is asked to hold the 
br ea th in full inspiration. In a small number of 
pati en ts, such subcostal scanning may be impossible,
and interc ostal scanning must be used. Again, scans
are pe rformed in paramedial, oblique and transverse 
p l a n e •
The g a l l - b l a d d e r
Most commonly the gall-bladd er  is found in 
contact with  the visceral surface of the right lobe of 
the liver anterior to the right kidney. The most
common cause of non v i s u a l i z a t i o n  of gall-bladder is 
di s eas e which renders the wall incapable of
ph y s i o l o g i c a l  d i s t en tion such as chronic cholecystitis. 
Thus the presen ce of a small gall-bladder  with or
wi t h o u t  stones indicates stone obstruction. A dilated
st o n e — free g a l l - b l a d d e r  often reflects malignant distal 
o b s t r u c t i o n ,  but it may be a consequence of benign 
o b s t r u c t i o n  (Ey re-Br oo k et al. 1983). The gall-bladder 
was v i s u a l i z e d  on u l t r a s o n o g r a p h y  in 80A of a total of
662 col lected cases studied between 1972-1977
(A n der so n & Harned, 1977). With verificat ion of the
final dia gnosis by direct cholangiography, surgical 
and/or h i s to pa thologi ca l findings, the value of US for 
as a mean of de termining  the presence or absence of
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g a l l - b l a d d e r  stones is claimed to be 89-96% in
s a t i s f a c t o r y  scans (Anderson & H a r n e d , 1977; Hershman 
et a l . 1 986 ).
I n t r a h e p a t i c  ducts
The intrahepatic  biliary tree usually has a
lum en of only about 1mm on US examination. Since the 
axial r e s o lu ti on of the US beam is 1mm, any separation 
b e t we en  the walls of the biliary tree exceeding 1mm
me ans  that it must be regarded as dilated (Taylor et
al. 1979). With v erif ic ation of the diagnosis by
d ire ct cho la ngiogr ap hy, the abil ity of US to detect the
p re se nce or absence of intrahepat ic biliary dilatation 
is 90-93% (Haubek et al. 1981; Trought et al. 1980),
the co r r e s p o n d i n g  figure is 97% in cases with
o b s t r u c t i o n  of the e x t r a he pa tic ducts and 84% in cases
without  o b s t r u c t i o n  (Haubek et al. 1981).
Common duct
The common bile duct is usually seen on
l o n g i t u d i n a l  section by taking multiple sections in the 
plane of the inferior vena cava. It is usually
v i s u a l i z e d  as a small tube of about 4mm (range: 2-6mm) 
in diameter passing deep to the head of the pancreas. 
De s pit e improved equipment and technique,
u l t r a s o n o g r a p h i c  detectio n of the cause of common bile
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duct o b s t r u c t i o n  remains difficult.
W i t h  v e r i f i c a t i o n  of the US diagnosis by direct 
ch o l a n g i o g r a p h y ,  surgery or auto psy in patients with
o b s t r u c t i v e  ja undice  in recent reports, US can detect 
the level of o b s t r u c t i o n  in the biliary tract in 90-95%
s a t i s f a c t o r y  scans (Gibson et al. 1986; Haubek et al.
1981; Laing et al. 1986; Ped er sen et al. 1985). The
a b i l i t y  of US to detect the cause of obstruction 
d e p ends la rge ly  upon the ex pe rience of the operator, 
the te chn ique used, the US equ ipment and the nature of 
the o b s t r uc tion, and figures of between 23% and 88% 
have been rep or te d in this context (Eyre-Brook et al. 
1983; Gibs on et al. 1986; H a ubek  et al. 1981; Honickman 
et a l . 1982; Pedersen et al 1985). The same is true
with regard to the correct detec ti on of the level of 
obs truct io n, therefore, some authors have reported 
fi gures as low as 2 7 — 33% in this context (Gibbons et
al. 1983; H o n i c k m a n  et al. 1982). The diagnostic 
s e n s i t i v i t y  of US for de tection  of common bile duct 
stones ranges between 13% to 75% with a spe cificity of 
n e arly  100% (Cronan, 1986; Cronan et al. 1983; 
E y r e — Brook et al. 1983; Laing et al. 1984; Pedersen et 
al. 1985). The di agnostic sen siti vi ty of US is 77% in 
cases with dilated extrahe pa tic biliary ducts and only 
12% in cases with nondilated ducts (Cronan, 1986). The
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d i a g n o s t i c  se ns itivity and specif icity  of US for the 
d e t e c t i o n  of c h o l edocho li thiasis  in p os tcholec ys tectomy  
p a t ie nt s are 45% and 97% respecti vel y (O'connor et al.
1986). Cronan (1986) analysed 110 cases of
c h o l e d o c h o l i t h i a s i s  proved surgically or by endoscopy, 
stones det ec ted so no gr aphica ll y varied in size from 2mm 
to 18mm. Acoust ic shadowing was exhibited by 31 of the 
43 stones (72%) and no ns had owing was observed in 12
(28%). H a m i l t o n  et al. (1982) found that the diameter 
of the common bile duct alone is of limited value in 
the i n v e s t i g a t i o n  of presence or absence of common bile 
duct stones, because of the great overlap between the 
d i a me ter of the groups with and without duct stones.
U l t r a s o u n d  of other organs
US is useful for scanning structures related to 
the b i l ia ry  system such as the pancreas, liver, right 
kidney, aorta and para-a ortic lymph nodes. This allows 
d e t e c t i o n  of the extent of the disease and its 
r e s e c t a b i l i t y  in case of maligna nt obstruction. In
p r e d i c t i n g  tumour resectability, US proved correct in 
71% of patients in one reported series, in comparison
wi t h  a figure of 42% for computed scanning and 58% for
direct c h o l a n g i o g r a p h y  (Gibson et al. 1986).
Abnormal pancreatic US is significant and
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u s u a l l y  (94/) indicates disease, whereas a normal 
p a n c r e a t i c  US does not exclude pancreatic disease, this 
is e s p e c i a l l y  true in patients with suspected chronic 
p a n c r e a t i t i s  (Lawson, 1978). The accuracy of US in 
d i f f 6 re ntiati ng  the normal from abnormal pancreas is 
b e t w e e n  72-87% in satisfactory  scans (Cotton et al. 
1980; Doust & Pearce, 1976; Gowland et al. 1981; 
L a w s o n  , 1 978).
I n t r a o p e r a t i v e  ultrasoun d
In an ev al uatio n of int ra- operative  B-mode 
b i l i a r y  tree and panc reatic US in 50 patients
u n d e r g o i n g  ch o l e c y s t e c t o m y  for gall -b ladder stones, US 
was as acc ur ate as p re -opera ti ve cholangiography, and 
the d e c i s i o n  to explore the biliary duct on the basis 
of US findings was correct in 49/50 cases; a decision 
made on X - r a y  findings (operative cholangiography) was 
cor rec t in 46/47 cases (Lane & Glazer, 1980).
F i n e - n e e d l e  u l t r as ound guided pan crea to graphy and
bi ops y
U l t r a s o n i c a l l y  guided percutaneous puncture of 
orga ns and pat holog ic al lesions is now possible for
di ag n o s t i c  and therapeutic purposes. The procedure is 
simple to perform, vir tu ally without hazard, and causes 
very  little discomfort to the patient. The high
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r e s o l u t i o n  of real-time sonography and the recent
d e v e l o p m e n t  of a real-time biopsy transducer, which
permits v i s u a l i z a t i o n  of the needle tip, have allowed
u l t r a s o n i c a 1 1 y— guided percutaneous puncture of the
p a n c r e a t i c  duct and percutaneous pan creatography. The 
e x a m i n a t i o n  is performed on a fluoroscopic table. The
d i l at ed pan cr ea tic duct is localised with the real-time 
b i o p s y  transdu cer and a standard 23-gauge (0.7mm) PTC 
needle is guided into the duct. Aspiratio n of 
p a n c r e a t i c  fluid confirms the intraductal location of 
the needle, and 60% iodinated contrast material is then 
in je ct ed using fluo roscopi c monitoring. Although the
pr o c e d u r e  has received minimal attention and use, it 
may be helpful in selected cases, partic ularly for 
p r e o p e r a t i v e  eval uation of obstructed ducts that cannot 
be o p a c if ied by ERCP (Freeny & Lawson, 1982).
P I T F A L L S  OF U L T R A S O U N D
Despite the fact that US is n o n - i n v a s i v e , 
r e l a t i v e l y  cheap and a very reliable mean of detecting
g a l l - b l a d d e r  stones, bi lia ry  US is not an easy
i n v e s t i g a t i o n  to interpret and modern grey-scale 
eq u i p m e n t  and an experienced operator are mandatory. 
It remains a poor tool for detectin g common duct stones 
(O'Connor et al. 1986; Pedersen et al. 1985).
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There can be a high rate of technical failure
( u n s a t i s f a c t o r y  US scans) in depicting the entire 
course of the common bile duct. In one study (Frederic 
et al. 1983) this was 11% (52/430). The main factors
le adi ng to failure of US scanning are excessive bowel
gas, obesity, ascites and an uncooperative  patient
(Berk et al, 1982; Eyr e-Bro ok  et al. 1983).
U L T R A S O N O G R A P H Y  IN PAN CREATITIS  AND PANCREATIC CANCER
P a thol og ical US findings are generally 
cons i s t e n t  with pancreatic disease, but a normal US 
finding s does not exclude a pancreatic disease. This
is p a r t i c u l a r l y  true in chronic pancreatitis, where the 
f a l s e - n e g a t i v e  result may be frequent (Lawson, 1978).
M o d e r a t e  and severe forms of chronic pancreatitis are
well seen by US, but mild forms may be missed. There
is no d i f f e r e n c e s  in the frequency of sonographic 
a b n o r m a l i t i e s  betw een  chronic pancreatitis patients
wit h  and without clinical and biochemical evidences of 
panc r e a t i c  in su f f i c i e n c y  (Alpern et al. 1985). Hessel 
et al. (1982), in a prospect ive study involving 279 
patients, found a sen si ti vity and specificity of 69% 
and 90% for US in detec tin g an abnormal pancreas,
respective ly. The diagnos tic sensi tivity of US to
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d e te ct pancreatic head masses is 47% (Eyre-Brook et al.
1983). Its sesitivity and specificity in one study
(C otton  et al. 1980) were 86% and 90% for diagnosis of 
ch ronic  pancre atitis and pancreatic carcinoma, 
r e sp ective ly . However, this was not the case with all 
r ep or ted studies in the literature. Hessel et al. 
(1982) found that satisfactory US scans had a 
s e n s i t i v i t y  of 56% in detecting pancreatic lesions and
i d e n t i f y i n g  it is malignant or inflammatory, whereas
Wal ls et al. (1975) and Cotton et al. (1980) claimed 
that US has an accuracy of 80-87% in the
d i f f e r e n t i a t i o n  between pancreatic carcinoma and other 
lesions. On the other hand, Ferrucci et al. (1979) and 
Go wland et al. (1981) reported 25% and 55% sensitivity
in dia gn osis  of chronic pa ncreatitis by US,
r es pe cti vely.
The most common ultraso nic features of chronic 
p a n c r e a t i t i s  are shown in Table 1. Usually two or more 
fea tur es must be present to allow diagnosis of chronic 
pancreat it is. In general, the anter o-pos terior
d i a m e t e r  of the head of the normal pancreas measures 
2 0 - 2 5 m m , the body 15-20mm, and the tail 10-15mm.
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Ta bl e 1 Sonographi c findings in chronic pancreatitis.
F e a tu re s Otte, 1986 Alpern et al. 1985
(n = 70) (n = 77)
H e t e r o g e n e o u s  ref lec tivit y 75% 53%
Loc al h e t e r o g e n o u s  enlargement 41% 41%
Cysts 31% 21%
C a l c i f i c a t i o n s 2 9% 40%
Di lated pa nc reati c duct 23% 20%
Di l a t e d  bi liary  duct 3% 19%
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The size of the pancreas varies with the age, 
r e l a t i v e l y  large in childhood and small in the elderly. 
The pan cre as in chronic pancreatitis may be normal, 
f o c a l l y  or d i f f usely enlarged, or small and atrophic. 
These changes general ly correlate with the activity and 
c h r o n i c i t y  of the inflammatory process. Diffuse 
e n l a r g e m e n t  is seen most often during the early stages 
of the disease, and focal enlargement or gland atrophy 
are more common in the late or advance stages (Alpern 
et al. 1985; Freeny & Lawson, 1982). The normal 
p a r e n c h y m a  of the pancreas is homogenous, with an 
e c h o g e n i c i t y  equal to or slightly greater than that of 
the n o n d i s e a s e d  liver. Chronic pancreatitis is most 
oft en  c h a r a ct er ised by increaesd or heterogenous echo 
pattren. N o n-h om ogenous  enlargemen t of the pancreas is 
far more sig ni fi cant and almost stands as a single 
s o n o g r a p h i c  sign of chronic pancreatitis. In the other 
hand, most p a n c reatic carcinomas are detected as 
h yp o e c h o i c  masses enlarging the gland or deforming its 
contour. However, focal pancreatitis without
p s e u d o c y s t  is i n d i s t i nguis ha ble from duct cell 
c a r c i n o m a .
Cal cific at ions are usually seen as very 
ec h o g e n i c  bright foci within the prarenchyma and typify 
advanced chronic pancreatitis. As in other organs only
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lar ger stones produce acoustic shadows.
D e m o n s t r a t i o n  of the normal pancratic duct is 
the single most important criterion of adequate 
v i s u a l i z a t i o n  of the pancreas. The pancreatic duct 
ap pe ar s as an echo free tubular structure bounded by 
e c h o g e n i c  walls and com pletely surrounded by 
p ar en chyma.  US allows vis ua lizati on  of the normal 
p a n c r e a t i c  duct in about 60-85% of normal person, and 
the normal pancreati c duct has a diameter of 0.8-2mm 
(Otte, 1986). A dilated pancreatic duct (internal 
d i a m e t e r  grea ter than 2-3mm) is probably the most 
sp e c i f i c  ult r a s o n o g r a p h i c  par ameter of pancreatic
disease. Alt ho ug h a dilated pancreatic duct is
v i r t u a l l y  always abnormal and indicates the presence of
p a n c r e a t i c  disease, the reverse is not always true.
P s e u d o c y s t s  are often seen in acute or chronic 
pancr e a t i t i s .  They  may be identified with a high 
degree of a c c ur ac y by US if they are larger than 3cm in
d i a m e t e r  (Sarti & King, 1980). Small sonolucent
p s e u d o c y s t s  of chronic pan creatitis are difficult to 
di f f e r e n t i a t e  from tumour necrosis (Freidman et al.
1987). US is highly accurate in the detection of 
d i late d bile ducts due to pseudocysts within the head 
of the pancreas or enlargement of the head due to
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ch ron ic inf lamination or cancer, and thus may provide 
important infor mation in patients with pancreatic 
di se as e (Alpern et al. 1985).
All the mor phol ogica l changes detected by US 
(Table 1), exclu ding the cal cif ications,  are variously 
pr es ent in pancreati c career. Neither the calibre nor 
the m o r p h o l o g y  of the duct therefore can differentiate 
re l iab ly  between inflamma to ry and neo plastic  disease of 
the pancreas (Freeny & lawson, 1982). Definite 
di a gno si s is only possible when there is liver
me ta s t a s i s ,  invasion of portal veins and/or
r e t r o p a n c r e a t i c  or hailar lymph node enlargement is 
detecte d in addition to the pancreatic mass. The 
followi ng  criteria may be of some help in
d i f f e r e n t i a t i o n  be tween panc reatic carcinoma and 
chronic pan creatitis; (i) in case of chronic 
p a n c r e a t i t i s  the enlarge ment of the gland is generally 
diffuse, the echo pattern is uneven, and the dilatation 
of the main pan crea ti c duct is irregular, (ii) in case 
of pan c r e a t i c  carcinoma the enl argement is localised, 
the structure  is hypoechoic, and the dilata tion of the 
mai n pancrea tic duct is more regular, (iii)
ca l c i f ica ti ons are nearly always pathognomonic for 
chronic pancreatitis, and (iv) presence of liver 
me t a stasis  suggests the diagnosis of cancer. In
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d o u bt fu l cases, however, the only way to est ablish a 
correct diagnosis is to per form a fine-needle
u l t r a s o u n d - g i u d e d  biopsy of the pancreas.
EN D O S C O P I C  RETROGRADE CH OLA N G I O P A N C R E A T O G R A P H Y
The deve lopment of the modern flexible 
f i b r eopti c endoscope in the late 1960s has led to the 
i n t r o d u c t i o n  of numerous therapeutic and diagnostic 
pro ce du res. Endoscopic retrograde c h o l a n g i o ­
p a n c r e a t o g r a p h y  (ERCP) was first reported in the United 
state (McCune et al. 1968), and soon established itself 
as an e x t remel y useful tool for visuali zing the bile 
duct in diffi cult cases of jaundice (Elias, 1976; 
K a s u g a i  et al. 1972). Alt ho ugh ERCP was introduced as 
a p u rely d i a g no st ic procedure, recent technical 
a d v ances in ins t r u m e n t a t i o n  have added a therapeutic 
dimension .
At ta i n m e n t  of p r o f ic ie ncy in ERCP requires 
c o n s i d e r a b l e  practice, and published rates of success 
often omit c o n s i der at ion of the learning phase. In a 
large survey of 10,435 attempts at ERCP in USA, the 
failure rate in cann ulati on  of the ampulla was 15% for 
those who had performed 200 or more procedures, whereas 
in less ex per ienced hands the failure rate was 62%
(Bilbao et al. 1976).
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I ND IC ATIONS  AND USEFULNESS OF ERCP
The principal applicat ion for ERCP is in the
ev a l u a t i o n  of suspected pathology in the pancreas or 
b i l i a r y  system. In addition to outlining both systems 
the tec hnique allows biopsy, brushing, and aspiration 
of ma te ri al  from the biliary or pancreatic ducts, while 
p a p i l l o t o m y  and/or common bile duct stone removal and 
s t e nt in g of the biliary system are more recent
ex t e n s i o n s  of the procedure. The indications and 
u s e f u l n e s s  of ERCP may be considered under four
h e a d i n g s :
O b s t r u c t i v e  jaundi ce of unkn own aetiology
This in dication is identical to that for PTC, 
as m e n t i o n e d  earlier in this chapter. In fact
d i s a g r e e m e n t  exists about whether to use ERCP or PTC
for p r i ma ry  bi liary tract problems. Matzen et al.
(1982) in a ra nd omized trial of 52 consecutive patients 
wit h c l i n i c a l l y  suspected obstructive jaundice achieved 
the di agnosi s in 91% by ERCP and in 69% by PTC 
(P<0.05). Therefore, they suggested ERCP as an initial 
e x a m i n a t i o n  for patients with obstructive jaundice and 
PTC as the c o m p l em en tary method if necessary. 
Fu rth er mo re, dia gnostic ERCP is not contraindicated in 
the presence of ascites, co agulati on defects, hydatid
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liver disease or liver abscess, nor is its success 
d i m i n i s h e d  by sclerosis of the intrahepatic ducts. In 
ad dition, useful information can be obtained from 
upp er ga st roint es tinal endoscopy, biopsy,
p a n c r e a t o g r a p h y ,  and cytology.
P a n c r e a t i c  diseases
Suspected pancreatic disease, particu larly in 
ch ro ni c pancreatitis.
1- An accurate diagnosis of chronic pancreatitis can 
u s u a l l y  be made on the basis of the ERCP findings. 
C al etti et al. (1982) in a large survey involving 1,411 
cases of chronic panc rea titis diagnosed on 
c h a r a c t e r i s t i c  clinical features and presence of at 
least two of the following; (i) abnormal pancreatic 
f u n c t i o n  tests, (ii) c a lc if icatio n on the plain 
r a d i o g r a p h  of the abdomen, (iii) abnormal pancreatic 
u l t r a s o n o g r a p h y ,  (iv) abnormal CT scan, or (v) positive 
h i s t o - p a t h o i o g y • They reported normal pancreatograms
in 19.4% (229/1179) of successful ERCP examinations.
P a n c r e atogram s are abnormal in about 80-85% of 
cases with chronic pancreatitis, and these
ab n o r m a l i t i e s  include:
(i) D i l a ta tion of the main pancreatic duct is the most 
com mon finding in moderate and severe pancreatitis.
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How ev er, since the diameter increases with age, 
i n t e r p r e t a t i o n  of border line changes may be difficult. 
In this situations, con sid eration of several additional 
p a r a m e t e r s  may be useful (Sahel, 1986);
A— when ductal calibre is increased, the 
u n i f o r m  tapering pattern is maintained in normal 
persons, but is lost in patients with chronic
pa n c r e a t i t i s  •
B- in patients with chronic pancreatitis, 
du ct al d i l a ta ti on invariably is increased with
a d d i t i o n a l  changes of pancreatitis, such as ectasis of
the lateral side branches and ductal calcifications.
(ii) Ectasi a or clubbing of the lateral side branches
is the earliest finding in chronic pancreatitis.
F r e q u e n t l y  the jun ct ion of the side branches with the 
m a i n  p an creati c duct appears to be slightly pinched or 
na r r o w e d  (Kasugai et al. 1972).
(iii) I r r e g u l a r i t y  of the wall of the main pancreatic 
duct also is an early finding in chronic pancreatitis
(F ree ny & Lawson, 1982).
(iv) Stenosis of the main pancreatic duct is common
in m o d erate  and severe chronic pancreatitis. The
ste nos es may be focal or multifocal and usually are 
a s s o ci at ed with ductal dilatation, producing the
mo r p h o l o g i c a l  changes described as "chain-of-lakes" or 
"s tr ing- of -pearls ".  The per ia mpulla ry  portion of the
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mai n pancrea tic duct is often a site of stenosis
(Kasugai et al. 1972; Freeny et al. 1976).
(v) A coarse, acinar pattern is common in severe
ch ronic  pancreatitis. But the pattern should be
c o n s idere d as a minor or ancillary finding of the
ch ronic pancreatiti s only when associated with other 
features. As an isolated findings, it may be due to
a r t ef ac t of over-fil lin g or due to aging process 
(Kasugi et al. 1972; Freeny & Lawson, 1982).
(vi) P a n c re atic calculi and parenchymal calcifications 
are p a t h o gn om onic of chronic pancreatitis and may be 
seen on plain films, US, or C T . During ERCP, ductal
cal cul i are seen as filling defects within the
p a n c r e a t i c  ducts and may cause obstruction. Non-opaque 
ca lculi  must be dis ti nguish ed  from air bubbles
i n a d v e r t e n t l y  introduced during injection of the 
c o n tr as t mate rial (Freeny & Lawson, 1982; Sahel, 1986).
(vii) P a n c reati c pseu do cysts and fistulae may be 
v i s u a l i z e d  during ERCP. Cysts are encounted in about
20% of cases of chronic pancreatitis. They can be
filled wit h contrast medium, as they communicate with 
the m ai n pan cr eatic  duct in approxi mately 60% of cases,
or appear as a regular compression of the main
pa n c r e a t i c  duct or side branches or as a complete 
o b s t r u c t i o n  of the pancreatic duct (Sahel, 1986).
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2- A variety of abn ormalities of the pancreas and 
b i l i a r y  tree such as biliary tract stones, pancreas
divisum, annular pancreas, ampullary stenosis,
s c l e r o s i n g  cho langitis and choledochal cyst, may be 
as s o ciated  with chronic pancreatitis* These ductal
a b n o r m a l i t i e s ,  which are mostly  amenable to surgery, 
can be d em on strated  by ERCP.
3- P r e o p e r a t i v e  evaluation of the pancreatic and 
b i l i a r y  tract anatomy prior to surgery has led to 
co ns i d e r a b l e  improvement in the man ageme nt of patients 
w i t h  chronic pancreatitis.
(i) The appro priate procedure may be selected prior to 
surgery. For example, lateral pancre at icojejunost omy 
may be indicated when there is a diffusely dilated 
p a n c r e a t i c  duct, whereas pan cr ea ticoduo de nal resection 
may be indic ated if the disease is confined to the head
of the pancreas, or subtotal or total pancreatectomy
may be pref err ed if diffuse pancreatic ductal sclerosis 
and o b l i t e r a t i o n  are demonstrated.
(ii) Patients who are more likely to benefit from 
s ur ger y may be selected by E R C P , while in some cases 
l a p a r o t o m y  may be avoided.
4- Com plictions of the chronic pancreatitis
p r e o p e r a t i v e l y  such as common bile duct stenosis (which
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may be treated to prevent hepatic and biliary 
c o m p l i c a t i o n s ) ,  pancreatic ascites and fistula may all 
be de tec te d by ERCP.
5— De spi te the advent of more sophisticated techniques, 
ERCP is today still the prime diagnostic tool for the 
as s e s s m e n t  of the morphologi cal severity of pancreatic 
di s e a s e  (Kasugai et al. 1972; Sarner & Cotton,
1984). A l t ho ugh several classifications have been 
es ta b l i s h e d ,  the morpholo gi cal diagnosis of the chronic 
pa n c r e a t i t i s  at e ad. y stages is often difficult. The
di a m e t e r  of the pan creatic duct can be increased with
aging and the mi crocysts can be seen in the elderley. 
The pro po se d cla ss ificati on s of ERCP appearances in 
chronic p an creatit is  are shown in Tables 2-4.
6- D i f f e r e n t i a t i o n  betw een chronic pancreatitis and 
pa n c r e a t i c  carcinoma. ERCP general ly has an accuracy 
rate of 80-90% in the diagnosis of both pancreatic 
c a r c i n o m a  and chronic pancreatitis, with high degree of 
r e l i a b i l t y  (Caletti et al. 1982; Gilinsky et al. 1986; 
Reuben & Cotton, 1979). In some cases the findings may 
be equivocal, and additio nal studies, such as
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Ta bl e 2 Criteria for endoscopic pa ncreatog raphy
d i a g n o s i s  of chronic pancreatitis (Kasugai et al. 1972)
Minimal Moderate Advanced
M ai n  p a n c reatic  duct
T o r t u o s i t y - + +++
D i l a t a t i o n  and stenosis - + +++
O b s t r u c t i o n - - +
Cyst for ma tion - - +
Calculi - - +
Br a n c h e s  and fine pancreatic 
I r r e gu la r distribu tion
duct
+ ++ +++
D i l a t a t i o n + ++ +++
Stenosis and obstruction + ++ +++
Cystic dil atat io n - + +++
Calculi - - +
Acini
Coarse op ac ification +
Size of the pancreas
D i m i ni sh ed -t-
Table 3 "Cambridge" classification of chronic pancreatitis
(Sarner & Cotton, 1 984 )
Grading Enoscopic retrograde pancreatography US & CT
1 Normal Quality study visualising whole
gland without abnormal features.
2 Equivocal Less than three- One sign Main duct enlarged
( < 4mm).
abnormal branches. only. Gland enlagraent
(up to 2 Normal)
Irregular head/body
3 Mild More than three Two countour
Cavities ( < 10mm)
abnormal branches. o r Irregular ducts
Focal pancreatitis
4 Moderate Abnormal main duct more Duct wall echo
increased
and branches. signs. Pa renchymal
hetrogericity
5 Marked All above with one or more of:
Large cavities ( > 10mm)
Gross gland enlargment ( > 2*N)
Intraductal filling defects or calculi
Duct obstruction, stricture or gross
irregularity
Contiguous organ invasion
If pathological changes are limited to 1/3 of the gland or less 
they are classified as focal.
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Table 
4 
Revised 
c
lassification 
of 
chronic 
pancreatitis 
(from 
Jones 
et 
al. 
1988).
a n g i o g r a p h y  or percutaneous pancreatic biopsy may be 
required. However, most investigators agree that if 
car c i n o m a  and chronic pancreatitis coexist, it is 
v i r t u a l l y  impossible to make a specific radiological 
d ia gno sis . Similarly, the diagnosis may be equally
di f f i c u l t  to make at the operating table, even when a
w e d g e - r e s e c t i o n  biopsies are submitted for
f r o z e n - s e c t i o n  evaluation. The following findings may 
help to d i s t inguish  pancreatic carcinoma from chronic 
p a n c r e a t i t i s  at ERCP (Caletti et al. 1982; Freeny &
Lawson, 1982; Kruse et al. 1978; Sarles et al. 1958):
(i) Chronic pancreatitis ch ar acteristi cally produces 
di ffuse  changes of the main duct and lateral side 
b r a n c h e s  consistin g of dilatation, marginal
ir r e g u l a r i t i e s ,  and short stenoses. Carcinoma, on the 
other hand, usual ly  causes a focal abnormality, most 
often compl et e ductal obstructio n or a long area of
ir r e g u l a r  encasement.
(ii) Al t h o u g h  ductal obs tr uc tion may be a feature of
bot h panc r e a t i t i s  and carcinoma, however, complete
o b s t r u c t i o n  of the main pancreatic duct is uncommon
fe atu re of chronic pancreat itis (Kruse et al. 1978).
The fol lowing specific features may aid in
d i ffer en ti ation .
A- In chronic pancreatitis, the ductal segment
b e twee n the ampulla and the point of obstruction
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u s u a l l y  shows characteristic changes of dilatation and 
side branch ectasia and clubbing. In carcinoma, this 
ductal  segment is usually normal.
B— The obstructed terminus is usually rounded 
or blunt in chronic pancreatitis and irregular or
ec c ent ri c in carcinoma.
C- In chronic pancreatitis, correlation of 
pl ai n films with the ERCP may show the obs truction to 
be s e c on dary to an impacted calculous.
(iii) As mentioned earlier in this chapter, common 
bile duct abnormalities when associated with the 
c a r c i n o m a  of the head of pancreas are usu ally of the 
type V stricture of Caroli. In contrast, chronic 
p a n c r e a t i t i s  usually causes type I or type III
st r i ctures  of Caroli (Caroli & Nora, 1952; Sarles et
al. 1958).
(iv) Al though obstruction and proximal dilatation of 
the CBD may associated with both chronic pancreatitis 
and cancer, but is more marked in carcinoma than in 
chronic pancreatitis (Guien, 1979).
(v) L a c t ofer ri n con centration in pancreatic juice , 
obtaine d during ERCP cannu latio n of the pancreatic
duct, is increased in patients with chronic
p a n c r e a t i t i s  but normal in patients with pancreatic 
ca r c i n o m a  (Fedail et al 1978).
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Ab d o m i n a l  pain
Unexplained severe abdominal pain of suspected 
b i l i a r y  or pancreatic origin may be investigated by 
ERCP, pa rticulary  when other non invasive 
i n v e s t i g a t i o n s  were negative.
T h e r a p e u t i c  use of ERCP
Th erapeut ic indications include endoscopic 
b i l i a r y  stenting (to provide preoperative relief of the 
c om m o n  bile duct obstruction or palliative therapy in 
i n o p e r a b l e  patients) and endoscopic papi ll otomy  with or 
w i t h o u t  stone extraction.
C O N T R A I N D I C A T I O N S  FOR ERCP
Co ntr aind icatio n to ERCP are few and all are
relative. These include oe sopha geal stenosis, gastric
ou tle t obstruction, thoracic aortic aneurysm and severe 
p u l m o n a r y  disease. ERCP should be avoided in patients 
w i t h  hy pe rs en sitiv it y to contrast media or known
A u s t r a l i a  antigen positive hepatitis. Acute
c ho la ngitis  is a relative con traind icatio n unless a
stone in the common bile duct is thought to be the
cause, in which case the stone may be removed during
the procedure. At one time it was believed that ERCP
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should not be performed during and within four weeks of 
an epis ode of acute pancreatitis or in the known 
pr ese n c e  of a pseudocyst (Bilbao et al. 1976; Evans, 
1983). Alt ho ugh this is no longer the case in some 
p a t ie nt s thought to have gall stone associated acute 
p a n c r e a t i t i s ,  when ERCP can be used to outline the 
b i l i a r y  system and perform endoscopic papillotomy with 
or wi t h o u t  stone extraction.
T E C H N I Q U E  OF ERCP
A close rapport between endoscopist and 
r a d i o l o g i s t  is required to obtain the best possible 
r a d i o g r a p h i c  record. The examination must be performed 
in a room contain ing high quality radiographic 
e q u i p m e n t  and which is large enough to accommodate all 
n e c c e s s a r y  apparat us and personnel. A conventional 
sc reeni ng  unit with an u n d e r — couch tube is preferrable 
to an o v e r — couch remote control unit, which may cause 
e x c es sive radia tio n exposure to the endoscopist. The 
table top should be capable of being tilted from the 
u p r i g h t  to at least a 15® headdown position. The X-ray 
tube should have a small focal spot (0.3-0.6mm) and 
high MaS and KV facility. An overcouch tube is 
re qui re d for delayed films.
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The basic endoscopic equipment consists of a 
side view ing endoscope, such as the Olympus BJIT; 
together with its cold light source, suction apparatus, 
balloon catheter, naso bilia ry  cather and cannulation 
catheters* Dormia baskets, s p hinc te rotomy knives, 
stents and guidewires, and a dia th ermy unit should be 
av a i lable to allow therapeutic techniques to be 
pe r f ormed after the diagnostic procedure. A lignocaine 
spray is required for pharyng eal  ana esthesia and 
syringes of various size should be included on the 
trolley. Drugs available should include pethidine, 
Omnopon, atropine, di az ep am (diazemuls) and Buscopan.
A suitab le contrast media such as Conray 280 or 
m e t r i z a m i d e  should be to hand. R esus ci tation equipment 
should always be avai lable in case of
c a r d i o - r e s p i r a t o r y  collapse.
The patient should be reassured by prior 
e x p l a n a t i o n  of the procedure. A chest X-r ay and barium 
ex a m i n a t i o n  of the oes ophagus and stomach are desirable 
in the way to exclude an aortic aneurysm and 
o es op hageal  or gastric outlet obstruction. However, 
this is rarely fessible in practice. The patient is 
starved for six hours prior to the examination.
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The patient lies on the fluor oscop y table. A 
Bu t t e r f l y  needle is used to provide an intravenous line
into the arm. Sedation is provided by diazemuls or
opiates. The onset of ptosis and dy sa rth ria usually
in dicates adequate sedation. Intravenous atropine or
B u s c o p a n  is given immediately before the ex aminati on to 
control salivation. One dose of intravenous
p r o p h y l a c t i c  antibiotic such as Ge nt amyci n is usually 
given to cover the procedure. Plain radiographs of the 
h e p a t o b i l i a r y  area are obtained to assess radiographic 
factors and will also show the presence of pancreatic 
ca lc if icatio ns . End osc op y is then performed in the
left lateral position. The stomach is insufflated, the
pylo rus  is identif ied and negotiated, and the duodenal
bulb is inspected before paralytic ileus is obtained by 
i n t r av en ous h y o s c i n e - n - b u t y l  bromide or glucagon. It
is n e c e s s a r y  to obtain an en face view of the papilla 
in order to cannu late it. Once cannulation has
o bt ained, 1-2 ml of the contrast medium is slowly 
injecte d under flu or oscopic  control. The field size 
should be kept to a mini mum to obtain max imum detail. 
Re flux of contrast medium into the duodenum indicates 
failure of can nula ti on and requires repositioning of 
the cannula. If the pancrea tic duct is opacified, slow 
injec tio n of contrast mediu m proceeds under constant 
f l uoro sc op ic control. Ra diogr aphs are obtained when
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the pancre atic duct is delineated to its tail. The
pr e s s u r e  of injection should be sufficient to fill but 
not o v e r - d i s t e n d  the pancreat ic or biliary ducts. The 
i n j e c t i o n  is stopped when lateral branches of the
p a n c re at ic duct are seen or when the patient complains
of pain. The patient is gentl y turned as necessary so
that the en d o s c o p e  does not obscure ductal detail on 
fu rther radiogra phs. Havin g obtained radiographs of 
the ductal system, the instrument is retracted into the 
s t o ma ch and o v e r - c o u c h  films of the pancreatic area are 
o b t a i n e d  in prone oblique and antero-posterior
pos iti ons. These radiographs must be quickly obtained 
as contras t m e d i u m  is very rapidly evacuated from the 
normal ductal system.
C h o l a n g i o g r a p h y  is often more difficult to 
attain than pan creato graphy . Once the common bile duct 
has been ca nnula ted, the contrast medium is injected
under fl uor o s c o p i c  control until there is adequate 
fi lling of the biliary tree. The normal pancreatic
duct vo lume  is of the order of 2-5 ml whereas 8-12 ml 
are required to fill the normal biliary tract. Much 
larger volumes may be required to demonstrate the 
bi l i a r y  system adequatel y if there is free filling of 
the gall-bladder. Great care must be taken not to 
i nt roduce air bubbles as these may cause diagnostic
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dif ficul ti es. With the cannula in situ, under-co uch 
rad io gr aphs are obtained in left lateral and left 
a n t er io r oblique projections. The endoscope is removed 
as soon as there is adequate opacif ic ation of the 
b i l ia ry  system and ove r-c ouch radiographs are taken of 
the bili ary tract. Delayed radiographs, including 
erect views, may be required to assess fully the 
b i l i a r y  system. Video recording of both pancreatic 
duct and common bile duct is useful documentation. The 
pa tient should be nursed in the lateral position in the 
im me diat e post- pro cedur e phase, until there is full 
r etu rn of pharyng eal  sensation.
C O M P L I C A T I O N S  OF DI AGNOSTI C ERCP
The hazards and complications  of ERCP include 
those of upper g a s t r o i n t e s t i n a l  endoscopy in addition 
to co m p l i c a t i o n s  which speci fically result from 
can nul a t ion of the ductal system, premedication, and 
r a d i ation  exposure.
Ha zards  of endoscopy
1- Inhalati on of vomit may occur and cause aspiration 
pneumonia. This risk is minimized by keeping the 
patient in the prone or prone oblique position
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thr ou gh out the examination.
2- Perf o r a t i o n  of the pharynx, oesophagus, stomach or 
d u o d e n u m  is possible during endoscopy. However,
p e r f o r a t i o n  of the duodenum is more likely with ERCP 
than with simple endoscopy.
3- Car diac arrhythmias; patients undergoing  upper
g a s t r o i n t e s t i n a l  endoscopy may deve lop different types 
of cardia c arrhythmias esp ecial ly  patients with
p r e vious heart diseases, elderly patients and patients 
wit h chronic obstr uctive lung disease. Fatal cardiac 
c o m p l i c a t i o n s  fol lowing upper gas tro intestinal
e n d o s c o p y  have been reporeted (Ma ndelstam et al. 1976).
4- An acute abdomen may be simulated due to the 
for ci ble i n t r o d u c t i o n  of a large volume of air into the 
s t o m a c h .
5- C r o s s - i n f e c t i o n  is always possible with an
i n a d e q u a t e l y  st er ilized endoscope.
6- Ble ed ing from oe sophageal  varices has been reported 
in one case (Bilbao et al. 1976).
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Ha z a r d s  unique to ERCP
The major hazards of diagnostic ERCP are the
p r e c i p i t a t i o n  of an attack of acute pancreatitis  or the
i n t r o d u c t i o n  of infection into the biliary or 
p a n c r e a t i c  system. The comp licatio n rate of diagnostic 
ERCP in exp erienced hands is of the order of 2-3%, with 
m o r t a l i t y  rate of 0.1-0.2% (Bilbao et al. 1976; Cotton, 
1977). These complica ti on rates were inversely related 
to the exp er ie nce of the en doscopists (Bilbao et al.
1976 ) .
1- H y p e r a m y l a s a e m i a
H y p e r a m y l a s a e m i a  is a frequent occurence after 
p an cr ea t o g r a p h y .  Skude et al. (1976) reported 
p a t h o l o g i c a l l y  high pancr eatic serum amylase values 
(mean in crease of 5 times over control) in 60% of 
pat ie nts having ERCP. The higher levels of amylase 
were a s s o ci ated with extensive opacification; however, 
patient s have rarely developed clinical pancreatitis. 
H y p e r a m y l a s a e m i a  and pain has been associated more with 
ionic contrast media such as Isopaque 350 and Urografin 
60 than with non-ionic contrast media such as 
metrizaraide (Osnes et al. 1977), although this was not
con fi rmed  in other studies (Hamilton et al. 1982; 
H a n n i g a n  et al. 1985).
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Laferla et al. (1985) randomised 92 patients 
u n d e r g o i n g  ERCP to receive single intravenous bolus of
apr o t i n i n  as opposed to placebo immediately before the
procedu re.  Blood samples were taken for pancreatic 
serum amylase levels immediately before and after the 
ERCP and at 4 hours lat.er. They found a signifigant
r e d u c t i o n  in the incidence of abnormal serum amylase
v alu es (>330 IU/1) in the immediate post ERCP samples
in pat ie nts receiving aprotinin, while there were no 
si gn i f i c a n t  reductions in the 4-hour sample.
Th erefo re , they suggest that a single bolus injection
of a p r o p t i n i n  has a transient inhibitory effect on 
E R C P - i n d u c e d  hyperamylas aemia, and could be useful
p r o p h y l a c t i c a l l y  especi al ly when parenchymal
o p a c i f i c a t i o n  is seen at the time of examination.
2- P a n c r e a t i t i s
The incidence of clinical pancreatitis with 
severe abdomin al pain is about 1% in large studies 
(Bilbao et al. 1976; Cotton, 1977). Clinical
p a n c r e a t i t i s  is more common following acinar filling
(R uppin et al. 1974) and/or when the renal tract is
o p a c ified  after ERCP (Roszler & Campbell, 1985). It is 
l ike ly that infection plays only a minor role in the 
p a t h o ge nesis of acute pancreat itis after ERCP (Brandes 
et al. 1981; O'Connor & Axon, 1983). Radiologists have
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an important role in mon itoring the extent of filling
of the pan creatic duct by fluoroscopy during the 
in jecti on  of contrast medium  so that ov e r — injection and 
aci nar  filling are avoided* They should also be aware 
of the p os sibilit y and significance of renal tract 
op acifi ca ti on.
3- Inf ec ti on
The second major hazard of diagnostic ERCP is 
i nf e c t i o n  of the biliary and pancreatic ducts.
Pa n c r e a t i c  abscess occurred in 25 (0.3%) of the 8681 
cases reported by Bilbao et al. (1976) and there was a 
m o r t a l i t y  rate of 20% in those 25 cases. They reported 
no c o m p l i c a t i o n s  in 91% of ERCP procedures performed on 
193 pat ients with pseudocysts. Most authorities agree
that ERCP in the presence of pseudocyst should be 
reserved for those patients scheduled for surgery and 
the e x a m i n a t i o n  performed as a pre— operative
i n v e s t i g a t i o n  (Cotton, 1977). Indeed, ERCP is not 
indicated  as the method for diagnosing the presence of
a pseudocyst , the investiga tions  of choice being 
u l t r a s o u n d  or computed tomography.
Cholangitis, with a reported incidence of 0.8% 
and a 10% mortality; was the second most common 
co mpl i c a t i o n  and most common cause of death in the
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surve y by Bilbao et al. (1976). Cotton (1977) quotes a 
r ev i e w  of ten Europea n centres with a 0.4% incidence of 
ch olang it is in 9000 patients with an overall mor tality 
of less than 0.1%. The onset of cholangitis may be
early, withi n 12 hours, or delayed for several days.
It is not entire ly clear whether cholangitis is due to 
endogen ou s organisms already present, particul arly in 
an obst ruc ted duct system, or is a result of infection
introdu ce d from contaminated endoscopes and
accessories. The high incidence of cholangitis in the 
pr esenc e of obst ru ction has already been noted (Bilboa 
et al. 1976). While Low et al. (1980) isolated a 
strain of Pseudomo nas aeruginosa from the bile of 14 
patient s in 101 endoscopies; these micro-organisms 
could not be detected after more vigorous cleansing and
d i s i n f e c t i o n  of the endoscope. Despite the number of
cases of cholan gitis reported, the incidence of
b a c t e r a e m i a  appears to be low (0— 2%) (Dutta et al.
1983; Lo w et al. 1980).
The most important factors in the prevention of 
septic compli ca tions of ERCP are meticulous attention 
to di si n f e c t i o n  of endoscopes and accessories (Low et 
al. 1980), prompt relief of obstr uction or stasis by 
en do sc opic or surgical methods (David et al. 1975), the 
a p p r o pria te  use of prophylacti c antibiotics (Axon &
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Cotton, 1983), and limiting the amount of contrast
m e d i u m  injected into poorly draining ducts.
4- R a d i a t i o n  exposure in ERCP
X - r a y  irradiation during ERCP is low (about 10% 
of that employed for infusion cholangiography). 
Ho wever , cumulat ive X-ray damage to the fibre bundles 
of the endoscope eventually occurs. Many factors
inf lu en ce ra dia tio n exposure in diagnostic ERCP. In a 
p r o s p e c t i v e  study over a three-year period, van Husen 
et al. (1984) showed a remarkably shorter X-ray
s cr e e n i n g  time in endoscopic retrograde pan creatography 
(ERP) compared with endoscopic retrograde
c h o l a n g i o g r a p h y  (ERC), and in younger patients compared 
w it h the older age group. In endoscopic sphincterotomy 
the average flu or oscopic  time was about one minute 
longer than in purely diagno stic ERCP. In contrast to 
d i a g n o s t i c  ERC, there was an appreciable reduction of 
r a d i a t i o n  exposure in endoscopic sphincterotomy with 
time, ref lect in g the growing experience of the
e n d o s c o p i c  team.
5- Sedat io n
As many of the patients refered for ERCP are 
jau nd iced , they are more susceptible to sedative drugs 
used as premedication. Diazepams (diazemuls), the most
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co m m o n l y  used drugs for sedating patients und ergoing
ERCP, cause mild respi rator y depression, but can
o c c a s i o n a l l y  induce severe respiratory depression.
E x c e s s i v e  dosage can result in stupor or coma. Extra 
c a u t i o n  should be taken when using sedatives in
pat ients  with hepatic insufficiency, cardiop ulmon ary
di se as e or those already receiving sedative drugs.
6- Drug reaction
E n d o s copi st s and radiologists should be alert
to the p o s i b i l i t y  of drug reaction occuring as a result
of ERCP. More ira et al. (1985) performed ERCP in 16 
patient s with previous histor y of minor reaction to
cont ras t medium  after intravenous administration. None
of these patients developed any signs of adverse
reactio ns.  Howeve r, a severe contrast medium reaction
wit h h y p o t e n s i v e  collapse had been reported in 1 of 
2000 ERCP pr ocedure s, ten minutes after pancreatic duct 
in j e c t i o n  (Gmelin et al. 1977).
131
Chapter 2
E V A L U A T I O N  OF PERCUTA NEOUS TRANSHE PATIC CH OL ANG IOGRAPHY  
E N D O S C O P I C  RET ROG RA DE C H O L A N GI OPANCR EA TOGRAPH Y AND 
U L T R A S O N O G R A P H Y  IN OBS TRUCTIVE JAUNDICE (STUDY I)
AIM  OF THE STUDY
The aim of thi s study was to evalu ate the
diag nos tic v a l u e s , use fu lne s s and complicati ons of
per cut aneou s tran shepa t i c cholang iography ( P T C ) ,
endo scopic retrogra de cho langio pancre atography ( E R C P ) ,
and u l t r a s o n o g r a p h y (US ) in the e valu ation of p atients
with o b s t r u c t i v e  jau ndice •
P A T IE NTS AND METHODS
R e t r o s p e c t i v e  part of study I
All the patients unde rgoing PTC and/or ERCP 
from the Un iversity Department of Surgery Glasgow Royal 
I n f i rm ar y (GRI) between Janu ary  1st 1981 and December
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31st 1985 were identified by personal search through 
the unit s discharge summary cards. Cho langiograms of 
112 patients, who had PTC and/or ERCP as an
i n v e s t i g a t i o n  for obstructive jaundice diagnosed on the 
basis of clinical and labarotory data, were available 
for review at the Radiology Department GRI.
In v e s t i g a t i o n s
The original X-ray reports of these 112 
c h o l a n g i o g r a m s  were scrutinised. The patients case 
notes were then obtained from the Records Department of 
GRI and the following data were abstracted; (i) the 
ra di o l o g i s t s  conclus ion regarding the presence or 
abs ence of biliary obstruction, the level of the 
o b s t r uc tion, suggested cause or causes of this 
obstr u c t i o n ,  measure me nts (if given) for the diameters 
of the common hepatic duct, common bile duct and the 
ga l l - b l a d d e r ,  and presence or absence of stones in the 
g a l l - b l a d d e r  or the involvement of the latter by a 
tumour, (ii) any co mplic ations related to the PTC 
and/or ERCP, and whethe r the procedure had precipitated 
e m e r g e n c y  surgery, (iii) whether external biliary 
dr a i n a g e  had been combined with diagnostic 
c h o l a n g i o g r a p h y  (and its duration), and whether 
p l a c em en t of an internal biliary stent, papillotomy, 
stone extraction, biopsy or any other procedures had
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a c c o m p a n i e d  PTC, US or ERCP, and (iv) the final 
di a g n o s i s  of the patient and whether it is based upon 
biopsy, autopsy, laparotomy findings or endoscopy, or 
on clinical  grounds including the results of all 
av a ila bl e investigations.
Co m p a r i s o n
Of the total of 112 patients in the study, 100 
p a t ients had their final diagnosis based on
h i s t o p a t h o l o g i c a l , surgical or endoscopic (in the case 
of commo n bile duct stones) findings. From the above 
dat a the diagnos tic value and the usefulness of the 
p e r f o r m e d  investigat ions (PTC, ERCP & US) in
d e t e r m i n i n g  the management and the outcome of these 100 
patient  were classified on the basis of the three 
f o l l ow in g criteria. This classificat ion was based upon 
the fact that during the period of the study US was the 
first line i n vestiga ti on undertaken by the unit 
followe d by ERCP or PTC as appropriate. The diagnostic 
values and usef uln ess of PTC, US and ERCP were then 
c o m p a r e d •
1— P erf or mance and success of the procedure.
It was noted whether the investigation was
at te mp ted or not, and whether it failed or was
su cc es sful in visualizing the biliary system in the
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case of PTC and ERCP, and satisfactory or not in the 
case of U S .
2— D i a g nos ti c value of the procedure.
It was considered diagnos tic when the
c h o l a n g i o g r a p h i c  and/or p a n c r e a t o g r a p h i c , or ultrasonic 
pic tu res were considered typical of what proved to be 
the correct final diagnosis. It was considered
m i s l e a d i n g  when the cholangiographic or the ultrasonic 
pi c t u r e s  had misled the radiologist and the surgeon 
r eg a r d i n g  the actual diagnosis before surgery or the 
p e r f o r m a n c e  of other investigations. The investigation 
was co nsidered  inconclusive when it was not 
d i a g n o s t i c  but at same time it was not misleading.
3 — The us ef ulness  of the procedure in determining the 
m a n a g e m e n t  of the patient.
The procedu re was considered essential when 
no other relevant investiga tio ns had achieved the 
correct di agnosis p r e o p erative ly  particularly if one or 
more of the per formed investigations had been 
mis leadi ng . It was also considered essential when the 
i n v e s t i g a t i o n  was the only diagnostic tool available 
for use in that specific condition such as assessment 
of biliary patency by PTC after hepaticojejunostomy or 
ga stric surgery, use of ERCP in the diagnosis and
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m a n a g e m e n t  of frail patients with c h o l e d o c h o l i t h i a s i s , 
and use of US in patient too ill to undergo any other
form of investigations. It was considered useful
wh e n  it was helpful in the management of the patient
wh e t h e r  diag nostic or not. The investigation was
c o n s i d e r e d  useless ; (i) when the procedure was
m i s l e a d i n g ,  (ii) when the procedure was inconclusive 
and no extra information was obtained which was of help 
in the mana gem ent of patient, and (iii) when the 
p r o c edure  was diagnostic in the case of ERCP and PTC 
but the dia gnosis had already made by US and the 
p r o ce dure did not provide additional information 
help ful  in the managem ent of the patient. It was 
co nside re d therapeutic when the investigation was
used in treatment as in preoperative biliary drainage
after PTC, pap il lotomy  and stone extraction during
ERCP, and u l t r a s o n i c a l l y  guided drainage of pseudocysts 
of the pancreas.
R e - e v a l u a t i o n  of PTC
A consultant radiologist experienced in the 
pe rf o r m a n c e  and in terpreta tion of PTC and a consultant 
surge on with an interest in pa ncreato-bilia ry surgery 
were then asked to report on the cholangiographic films 
of the first 87 patients in this study all of whom had 
u nd e r g o n e  PTC. The assessers were not given access to
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cli ni cal data, results of other investigations or the 
final diagnosis. Their findings were noted on the form 
shown in Appendix 1. Of the 87 patients, 11 were 
ex c l u d e d  from further consideration because the final 
d ia g n o s i s  had been based only on clinical findings. 
The results obtained from re-evaluation of the
c h o l a n g i o g r a m s  by the surgeon and the radiologist of 
the rema ining  76 patients, who had had final diagnosis 
pr ov ed  by pathology, and/or surgical or endoscopic (in 
the cases with common bile duct stones) findings, were 
then compared with the data obtained from case notes 
and the original X-ray reports of the cholangiograms. 
Note was taken of the following points; (i) the
s u i t a b i l i t y  of the cholangiograms for reporting 
(d etermi ned technically satisfactory or not), (ii) the 
a c c u r a c y  of assessors opinions regarding the presence 
or absence of obstruction, the level of the
obs truct io n, and the nature of the obstruction m  the 
b i l i a r y  system, (iii) the me asurements of the maximum 
d ia me ters of the common hepatic duct and common bile
duct when given, (iv) the statements regarding the size
of the gall-bladder and presence or absence of 
g a l l - b l a d d e r  stones, and (v) the next step suggested in 
the mana g e m e n t  of the patient after re-evaluation of
the cholangiogram.
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P ro sp ective  part of study I
All patients admitted to the Univ ersity 
Dep a r t m e n t  of Surgery GRI with obstru ctive jaundice of 
obscure aet iol og y diagnosed on the basis of clinical 
and l a b a ro to ry data, between 1st Ja nu ar y 1986 and 31st 
Decem b e r  1987, were identified by daily visit to the 
wards belon gi ng to the above department. Then a 
m o n t h l y  check of the unit's discharge summary cards was 
carri ed out pe rs ona lly to identify any cases of 
ob st r u c t i v e  jaundice who had escaped det ection by the 
first m e t h o d .
I nv es t i g a t i o n s
During the two-year period any patient who
ful fi ll ed the criteria for this part of the study was
fo llo wed until he or she was discharged from hospital, 
and note was made of any subsequent admissions. The 
findings and the diag nosti c value and usefulness of
PTC, ERCP, and US reports (which were evaluated and
c la ss ified in the same way as in the retrospective part 
of this study) were noted on the form in Appendix 2.
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Compar i son
The final diagnosis was considered proved when 
it was based on biopsy report, laparot omy findings,
autopsy, or the endoscopic observation of the passage 
of stone for the diagnosis of c h o l e d o c h o l i t h i a s i s . 
From the total of 83 patients with obstructiv e jaundice 
included in this part of the study, 11 patients were
excluded because their diagnosis was made on a clinical 
basis only. The dia gnostic values and the usefulness
of PTC, ERCP, and US of the remaining 72 patients with 
p r oven  diagnos is were then compared.
The ability of the original radiological 
re ports of PTC, ERCP and US to define the presence or
absence of biliary ob struction and its level level, and
their abi lit y to define the cause of obstruction were
obtaine d and compared. The investigations were also 
c omp ared in terms of their complication rate and 
th er apeu ti c value.
Sta tis tics
In both parts of the study an "Apple lie"
per son al computer was used to create a personal filing
system and to perform all statistical analysis.
C hi -sq uar e test, Fisher's exact probability test, and 
paired and unpaired Student's T-tests were used to
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define the differences between groups as appropriate. 
The differences between groups were considered 
s t a t i s t i c a l l y  significant when the pos si bility  of their 
aris ing  by random sampling error was less than 1 in 20 
(P<0.05). The def initions of the statistical terms 
used in the chapter are listed in Appen di x 3.
V< 4
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RESULTS
R e t r o s p e c t i v e  part of study I
Of the 112 patients included in the study, 62 
were men and 50 were woman; their mean age was 66 years 
(range: 30-86). The final diagnoses of these
patients  are shown in Table 5.
Ultr a s o u n d
Ultrasound was considered un satis fa ctory by the 
r ad io logist  unde rt aking the procedure in 14 cases. 
Ex ce ss ive bowel gas was the cause of uns atisfactory  
scannin g in 13 cases and a previous right hepatectomy 
in one case. Therefore, satisfac tory scans were 
obtai ne d in 83 of 97 cases (86%) in whom US was 
attempted. The procedure was combined with fine-needle 
biopsy of a panc reatic mass in two cases without 
c o m p l i c a t i o n s .
ERCP
ERCP was successful in cannulation of the
pa pi ll a of Vater in 26 of the 32 cases (81%) in whom 
ERCP was attempted, but ch olangiogram s were obtained in 
only 23 cases (72%). The procedure was combined 
with  papi llotom y in 7 cases, papillotomy and stone
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Table 5 The final diagnosis in 112 patients in the 
retrospective part and in 83 patients in the prospective 
part of study I.
Diagnosis no.  Diagnosis based on
patients biopsy lap. autopsy end. clin.
Retrospective study
Pancreatic cancer 42 33 0 0 0 3
Cholangiocarcinoma 14 6 % 2 0 2
Metastatic lesions 5 5 0 0 0 0
Ampullary cancer 4 3 0 1 0 0
Choledocholithiasis 22 0 13 0 9 0
Chronic pancreatitis 5 i ¥ 0 0 0
Benign stricture 7 6 7 0 0 0
Cholestatic jaundice 5 0 0 0 0 5
Sclerosing cholangitis 3 2 3 1 0 0
Duodenal diverticulae 2 2 2 0 0 0
Acute cholecystitis 1 0 1 0 0 0
Cholangitis 1 0 0 0 0 0
Passed stone 1 0 0 0 0 1
Subtotal 112 5* 37 4 9 12
Prospective study
Pancreatic carcinoma 20 14 3 1 — 2 ERCP
Cholangiocarcinoma 15 5 1 2 — 7 ERCP
Metastatic lesions 3 2 1 Clin
Ampullary carcinoma 4 4
Gall-bladder cancer 1 1
Choledocholithiasis 32 10 22
Chronic pancreatitis 5 3 2
Benign strictures 1 1
Cholestatic jaundice 2 1 1 Clin
83 29 17 4 22 11
Total 195 87 8 31 23
Lap””lap3 rotomy; End, endoscopy; Clin, clinical findings.
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e x t r a c t i o n  in one case, and biopsy of the papilla in 2
cases. In a total of 32 attempted E R C P s , there were no
im mediate or late complications attributed to the 
p r o c e d u r e .
PTC
Percutaneous transhepatic chola ng iography was 
su ccess fu l in outlining the biliary system in 100 of
the 103 cases (97%) in whom it was attempted. In three 
cases (two of whom had c h o l angi oc arcinom a while one had 
chro nic  pan cre atitis) who had dilated intrahepatic 
ducts d emonst ra ted by ultrasound, the biliary tree 
could not be opacified. All patients undergoing PTC 
had dila ted in trahepatic ducts (maximum diameter >4mm) 
except for 6 patients. Of these 6 patients with non
di lated ducts, 3 had dru g- induced  cholestasis, one had 
c h o l a n g i o c a r c i n o m a ,  one had acute cholecystitis, and in 
one case the ultra sonic diagnosis of
c h o l e d o c h o l i t h i a s i s  was not confirmed. Percutaneous 
t r a n s hepa ti c bili ary drainage (PTD) was combined with 
PTC in 14 cases treated early in the series and in whom 
the general co ndi tion of the patient did not allow 
G3rly surgery, and was instituted as palliative 
tr eatment of mal ig na ncy in three patients.
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C o m p l i c a t i o n s  of PTC
In the total of 103 attempts at PTC, 12 
pat ients  (11.6%) developed some form of complication 
(Table 6 ) :
1- Deaths att ribut ab le to PTC.
A 77-year old man with jaundice, hypertension, 
chron ic renal failure and chronic obstructive airway
dise ase , developed acute renal failure following the 
d e m o n s t r a t i o n  of cho la ngiocar ci noma by PTC and died 
w i t h i n  three days. An 84-year old man with
p e r i a m p u l l a r y  carcinoma had PTC on 26.01.1984 and 
c h o l e c y s t o d u o d e n o s t o m y  was undertak en on 31.01. 1984
be cause  of his obstru ctive jaundice and very poor 
ge ne ra l condition. He det eri orate d and died within 24 
hour of operation. Auto psy attributed death to a 
s u b d i a p h r a g m a t i c  abscess following PTC and haemorrhage 
from ope r a t i o n  site.
2- Maj or c o m p l icatio ns  of PTC.
A 71— year old man who had choledocholithiasis, 
und e r w e n t  eme rg en cy lapar otomy on the 4th day after PTC 
because of abdominal pain. A large amount of bile 
stained fluid was recovered from the peritoneal
cavity and obvious infected subhepatic and subphrenic
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major and the minor complications
e x p e r i e n c e d  by 103 patients undergoing PTC with and 
wi t hou t drain age (PTD) in the retrospective part 
of study I.
Biliary obstr uctio n 
Malignant Benign 
(n = 63) (n = 40)
PTC only
no. patien ts 49 37
no. complic at ions 6 (12.2%) 4 (10.8%)
*se pti caem ia ^septicaemia
*deaths (2) *bile leakage
bile leakage (2) bile leakage
ileus drug reaction
PTC w it h dra in age
no. patie nt s 14 3
no. compl i c a t i o n s 1 (7.1%) 1 (33.3%)
pleural effusion *septicaemia
Total comp l i c a t i o n rate 11.1% 12.5%
Ma jo r c o m p l icat io n rate 4.8% 7.5%
* indicates major complication.
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co ll e c t i o n s  were drained. Three men aged 43,71&83 
years who had traumatic stricture of the common bile 
duct, c h o l e d o c h o l i t h i a s i s  and pancreatic carcinoma, 
re sp e c t i v e l y ,  devel ope d fever and positive blood 
cultures in the 24 hours following PTC. All of them 
re s p onded to the conservati ve treatment and recovered 
so that d e f i n i t i v e  but n o n- em ergency  surgery could be 
undertak en .
3- M i n o r  c o m p l ic at ions of PTC.
A 69- year old woman with pancreatic head 
c a r c i n o m a  had PTC followed by PTD for 5 days. She 
d e v e l o p e d  right sided bile stained pleural effusion 
d i a g n o s e d  on chest X-r ay and confirmed by pleural
aspiration. Althou gh  she did not require treatment for 
this complication; she died within 24 hours of
pal l i a t i v e  c h o l e c y s t o j e j u n o s t o m y  and gastroentrostomy 
u n d e r t a k e n  5 days after PTC. The death was not
a t t r ib ut ed to PTC.
Iodine rea ction in a 83-year old woman, in whom 
j a u ndice was attributed to liver cirrhosis, was
ma n i f e s t e d  by continous vomiting which led to PTC being 
aband on ed before proper v i su al ization  of the biliary 
system. She responded to medical management.
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A 3 5-year old woman and 77-year old man who had 
p a n c r e a t i c  carcinoma and a 37 — year old man with chronic 
p a n c r e a t i t i s  had more than 2 litres of bile stained 
fluid found in the peritoneal cavity at subsequent 
lap arotomy; they did not have any symptoms or signs 
a t t r i b u t e d  to bile leakage p r e o p e r a t i v e l y •
A 75-year man with pancreatic carcinoma had 
d e v e l o p e d  abdominal distention and vomiting following 
PTC. Plain film of the a b d o m m  showed multiple gas 
filled loops of intestine with no evidence of a 
s u b d i a p h r a g m a t i c  gas shadow. The appearances were 
a t t r i b u t e d  to a degree of paralytic ileus after PTC, 
w h i c h  res pond ed  to cons erv ative management.
All patients who had developed major
c o m p l i c a t i o n s  (3 septicaemi c shock, 2 deaths and one 
s y m p t o m a t i c  bile leakage) had dilated intrahepatic 
ducts on PTC. However, there was no significant 
d i f f e r e n c e  in the mean dia meters of intrahepatic ducts, 
c o mmon  hepatic duct, common bile duct and the 
g a l l - b l a d d e r  (measured pe rs onally to the nearest 
m il li metre)  of patients who had complications and 
those who did not following PTC (Table 7).
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Table 7 Comparison of biliary tract diameters in 103 jaundiced 
patients who had and who did not have complications 
following PTC with or without drainage (PTD) in the 
retrospective part of study I.
Maximum diameter No complication Complications P-value DF
mean + SD (mm) (no = 91) ( n = 12)
Intrahepatic ducts 10 + 4 11 + 3 >0.1 89
Common hepatic duct 22 + 9 21 + 7 >0.8 74
Common bile duct 21 + 10 26 + 10 >0.1 69
Gall-bladder 46 + 16 54 + 11 >0.15 42
DF, degrees of freedom.
148
The overall complication  rate associated with PTC alone 
and PTC combined with PTD were 11.6% and 11.8%, respe c­
tively, and there were no st at istically significant 
d i f f e r e n c e  between the two groups (Table 6).
R e - e v a l u a t i o n  of PTC
In the re -evaluatio n of the cho langiograms of 
76 patients, who had their final diagnosis confirmed by 
biopsy, autopsy, lapa rotom y or endoscopic (in the case 
of c h o l e d o c h o l i t h i a s i s ) findings by the surgeon and the 
r a d i o l o g i s t  the following points were observed
1- The cho langio gr ams were considered to be 
s a t i s f a c t o r y  tec hni ca lly in 91% (69/76) by the surgeon 
and in 93% (71/76) by the radiologist.
2- The d i a g no st ic accurac y of the opinion of the 
su rg eo n and ra di ologist regarding the presence or 
absence of o b s t r u c t i o n  in the biliary system were 97% 
(74/76) and 99% (75/76), respectively.
3- The surgeon and the radio log ist agreed precisely 
about the level of ob struction  in 79% (60/76) cases. 
Re g a r d i n g  their statements of upper (porta hepatis and 
common hepatic duct) or lower (common bile duct and 
am p u l l a r y  region) duct obstruction, they agreed in 94%
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of the cases (Table 8). In one patient with a final 
h i s t o p a t h o 1o g i c a 1 diagnosis of sclerosing cholangitis, 
the surgeon stated that there was no obstruction in the 
b i l i a r y  syste m while the radiologist considered that 
there were mult iple obstructions. In one patient with 
d r u g - i n d u c e d  jaundi ce both regarded the examin ation as 
u n s a t i s f a c t o r y  for any comment. In two cases with 
pa n c r e a t i c  car cinoma and in one case with 
c h o l a n g i o c a r c i n o m a , all had complete obstr uction of the 
bi l i a r y  tract to the flow of the contrast material with 
non v i s u a l i z a t i o n  of the gall-bladder; the surgeon 
stated that the obs tru ct ion was in the common hepatic 
duct (70-90% probability) while the radiologist stated 
that the o bstruct io n was in the common bile duct (100% 
p r o b a bili ty ). In a patient with choledocholithiasis 
and pr evious  c h o l e c y s t e c t o m y  and choledochoduodenost omy 
the surgeon and the radiologist considered that the 
level of the obst r u c t i o n  was at the common hepatic duct
(80% p ro babili ty ) and peri am pullary  level (100%
proba b i l i t y ) ,  respectively.
4- There were no significant differences between the
su rg eo n and the radiologist regarding the accuracy of 
their statements about the nature of obstruction in the 
b i l i a r y  tract, as verified by the final diagnosis
(Table 9). The sensitivity of the surgeon s and the
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Table 8 Opinions of the surgeon and the radiolog ist 
re g a r d i n g  pre sen ce or absence of obs truction and its 
level in the b i l iary system in re— evaluation of the 
c h o l a n g i o g r a m s  of 76 patients in the retrospective part 
of study 1.
SURGEON
upper 1 owe r
PH CHD CBD PAM Mult. Ind. No. Total
4 2 6
1 7 8
3 37 1 41
1 7 8 16
1 1 2
1 1
2 2
5 13 44 9 1 1 3 76
Upper
a
H
o
f
o
] ower ^
CO
h3
PH 
CHD 
CBD 
PAM 
Multiple 
Ind .
N o .
Total
PH, porta hepatis; CHD, common hepatic duct; CBD, 
common bile duct; PAM, periampullary; Ind,
indet erm inate; No, no obstruction.
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Table^ 9 Opinions of the surgeon and the radiolo gist  
re ga rdin g the nature of obstruction in the biliary 
tract, as based on re- evaluation of the cholangiogr ams 
of 76 patients who had a proven diagnosis, in the 
r e t r o spec ti ve part of study 1.
1- Ne oplastic conditions.
SURGEON
Neop Stone Ben. Ind Total
43 2 45
2 2
3 3
1 1
46 5 0 0 51
Neoplasm
Stone RADIOLOG IST
Benign 
no n-calcu lous 
Inde terminate
Total
2- C h o l e d o c h o l i t h i a s i s . 
SURGEON
Neop, Stone Ben. Ind Total
1 1
10 10
0
0
1 10 0 0 11
Neoplasm
Stone RA DI OLOG IS T
Benign
non-calculous
Ind ete rminate
Total
3- Benign non -ca lculo us  conditions.
SURGEON 
Neop Stone Ben. Ind Total
1010
1410
Neoplasm
Stone RADIOLOGIST
Benign
non-calculous
Indeterminate
Total
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ra di o l o g i s t  s statements in malignant obstru ction  were 
90% (46/51) and 88% (45/51) respectively, whereas, the
s p e c i f i c i t y  of their statements was 80% (20/25). The
s e n s i t i v i t y  of both the surgeon's and the radiologist's
st at e m e n t s  in cases of choledocholithiasis and benign 
n o n - c a l c u l o u s  ob struc tion in the biliary tract were 91% 
(10/11) and 71% (10/14), respectively. The specificity 
of the surgeon and the radiologist opinion were 92% 
(60/65) and 97% (63/65) for detection of common bile 
duct stones, respectively.
5- The surgeon and the radiologist measured the 
d i a m e t e r  of the common hepatic duct in 53 cases and the 
c o mmon  bile duct in 49 cases. Although, they gave 
p r e c i s e l y  the same figure for the diameter of the 
co mm on  h e p ati c duct in 6 patients and for the diameter 
of the common bile duct in 7 patients, the mean of the 
d i f f e r e n c e s  be tween them in measuring common hepatic
duct and common bile duct are 0.2mm and 0.3mm,
res pecti ve ly . The di ffere nces in measuring the
d i a m eters  of the common hepatic duct and common bile 
duct in each individ ual cases are shown in Figure 3 and 
Figure 4, respectively.
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Figure 3 The measurements giv en by the surgeon and 
the radi ol ogist for the maximum diameter of the 
common hepatic duct in 53 patients at re-evaluation 
of 76 PTC in the retrospective part of study I.
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Fi gure 4 The measureme nts given by the suegeon 
and the radiologist for the maximum diameter of the 
com mon bile duct in 49 patients at re-evaluation of 
76 PTC in the retrospective part of study I.
6— Table 10 shows the maximum transverse and 
l o n g i t u d i n a l  diameters of the gall-bladder measured to 
the nearest millimetre when classified as normal, 
sh r u n k e n  or distended. This classific ation was based 
upon the ass ess ment given in the original radiological 
repo rts  of the cholangiograms of 44 patients who had 
their g a l l - b l a d d e r  opacified. The surgeon and the 
ra d i o l o g i s t  were agreed in their assessments of the 
g a l l - b l a d d e r  size only in 27 (61%) out of these 44 
cases at re- ev aluati on  of their cholangiograms (Table 
1 1) .
7- In 21 patients (who had a proven diagnosis of 
c h o l e l i t h i a s i s  at surgery) the diagnostic sensitivity 
of the ra di o l o g i s t ' s  opinion regarding the presence of 
g a l l - b l a d d e r  stones was 76%, and that of the surgeon 
was 24% (Table 12).
8- Table 13 shows that there was no differences between 
the su rg eon  and the radiol ogist in suggesting a proper 
t re atment (48 vs 50) or suggesting the need,for further 
i n v e s t i g a t i o n s  (28 vs 26) in 76 jaundiced patients 
based upon re- eval ua tion of their ch o l a n g i o g r a m s . 
However, when the treatment option was suggested, 
the radiol ogist was more in favour of the surgical
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Tab le 10 The maximum diameters of the gal l-bl adder  
m e a s u r e d  to the nearest mill imetr e when cl as sifie d as 
normal, shrunken or distended in the retrospective 
part of study I.
Classif ication Transverse 
d iameter 
mean + SD (mm)
Longitudina l 
diameter 
mean + SD (mm)
Distended (no = 3 5) 53 + 9 127 + 23
Shrunken (no = 7) 16 + 6 27 + 12
Normal (no = 2) 32 + 8 78 + 19
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Table 11 Opinions of the surgeon and the radiologist 
regarding the size of the gall-bladder during the re-evaluation 
of the cholangiograms of 76 patients with obstructive jaundice 
in the retrospective part of study I.
1— Distended gall-bladder ( > 40mm in transverse diameter).
SURGEON 
Dist. Nor. Shr. Ind. Total
21 4 1 2 28
1 2 3
1 1
3 3
22 5 1 7 35
Di s tended 
Normal 
Shrunken 
Inde terminate 
Total
RADIOLOGIST
2- Normal size gall-bladder (25-40mm in transverse diameter).
SURGEON 
Dist. Nor. Shr. Ind. Total
Distended 
Normal
RADIOLOGIST
Shrunken 
Inde terminate 
Total
1 1
1 1
0
0
1 0 0 1 2
3- Shrunken gall-bladder ( <25mm in transverse diameter).
Distended
Normal
RADIOLOGIST
Shrunken 
Inde terminate 
Total
SURGEON 
Dist. Nor. Shr. Ind. Total
1 1
1 1
4 4
1 1
o
1 1 5 *^
l
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Tabl e 12 The ability of the surgeon and the 
ra di o l o g i s t  to detect g all- bl adder stones during
r e - e v a l u a t i o n  of the cho la ngiograms of 21 patients who
had a pr oven ch olelithia sis at surgery in the
r e t r o s pe ctive  part of study I.
SURGEON
No Stone Not Total
stone seen seen
No stone
Stone seen
RAD IO LO GIST
Gal l-bla dd er 
not seen
Total
1 1
7 4 5 16
1 3 4
00
1
m 00 21
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Table 13 The next step suggested by the surgeon and 
the radiologist in the management of 76 patients after 
re-evaluation of their cholangiograms in the retrospective 
part of study I.
SURGEON
 Treatment  or Inves tigation
Lap. Pap. St. PTD ERCP .+ US + L-Bx Total
Laparotomy 
Papillotomy 
Stent 
PTD
ERCP biopsy 
US + biopsy 
Liver biopsy 
Total
22 8 3 9 5 47
1 1
1 1 2
5 5 4 7 1 2 24
1 1
1 1
28 13 7 18 7 3 76
Lap, laparotomy; Pap, endoscopic papilotomy;^St. endoscopic 
stenting* PTD, percutaneous transhepatic drainage, _  >
Indoscopic retrograde chol a n g i o p a n c r e a t o g r a p h y ^  it.I. or
without biopsy; US + , ultrasound with or without
needle aspiration biopsy; L-Bx, liver biopsy.
158
RADIOLOGIST
tr eatme nt  (47/50), while the surgeon was more in favour 
of n o n — surgical managem ent of the patient such as
e n d o sc op ic pap illot om y (20/48), and there was a 
si gn i f i c a n t  statis tical  di fferences  between them in
this aspect (P<0.001).
C o m p a r i s o n  of investigations
Co mp aris on  of percutaneo us  transhepatic 
ch o l a n g i o g r a p h y ,  end oscopic retr ograde cholangio ­
p a n c r e a t o g r a p h y  and u l t r a s o n o g r a p h y  of the upper 
a b d o m e n  in their diagno st ic values and usefulness in 
d e t e r m i n i n g  the manag em ent of 100 patients, who had
their final diagn osi s based on biopsy, laparotomy, 
a u t op sy  or endo sc opy (in the case of
c h o l e d o c h o l i t h i a s i s ) , are shown in Table 14. In these 
100 patient, PTC opacified the biliary system in 88 of 
the 91 patients  and ERCP in 20 of the 30 patients, 
whereas, u l t r a s o u n d  was considered as satisfactory in 
75 of the 88 patient having examin ation attempted. 
Both PTC and ERCP were diag nostic in 80% of the 
s u c c essfu l pr ocedures,  while US was diagnostic in only 
45% of the s a t i s factory  scans. The diagnostic 
s e n s i t i v i t y  of the s ati sf actory ultrasound scans was 
29% (6/21) in calculous obstruction, 50% (24/48) in
m a l i g n a n t  and 67% (4/6) in benign non-calculous
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Table 14 The diagnostic value and usefulness of successful PTC 
and ERCP procedures, and satisfactory US scans in 172 jaundiced 
patients who had a proven final diagnosis in the retrospective
and prospective parts of study I.
Diagnostic value Usefulness
Diag. Mis . Inc. TS Ess. U f . Ul. Th.
Retrospective
PTC
Benign conditions 21 7 5 33 3 14' 16 3
Malignant conditions 49 0 6 55 3 29 23 9
Total 70 7 11 88 6 43 39 12
ERCP
Benign conditions 14 2 0 1 6 4 6 6 8
Malignant conditions 2 0 2 4 0 3 1 0
Total 16 2 2 20 4 9 7 8
US
Benign conditions 10 5 12 27 1 11 15 0
Malignant conditions 24 5 19 4 8 1 32 15 0
Total 34 10 31 75 2 43 30 0
Prospective
PTC
Benign conditions 4 3 0 7 1 3 3 0
Malignant conditions 17 0 4 21 1 12 8 2
Total 21 3 4 28 2 15 11 2
ERCP
Benign conditions 25 1 3 29 4 18 7 22
Malignant conditions 10 0 2 12 1 10 1 7
Total 35 1 5 41 5 28 8 29
US
Benign conditions 15 1 8 24 1 21 2 0
Malignant conditions 13 2 10 25 2 20 3 0
Total 28 3 18 49 3 41 5 0
Retrospective and prospective
PTC
Benign conditions 25 1 0 5 40 4 17 1 9 3
Malignant conditions 66 0 10 76 4 41 31 11
Total 91 10 15 116 8 58 50 1 4
ERCP
Benign conditions 39 3 3 45 8 24 13 30
Malignant conditions 12 0 4 16 1 1 3 2 7
Total 51 3 7 61 9 37 15 3 7
US
Benign conditions 25 6 20 51 2 32 17 0r\
Malignant conditions 37 7 29 73 3 52 1 8 U
Total 62 13 49 124 5 84 35 0
Ess, essential; Diag, diagnostic; Mis, misleading; Inc, 
inconclusive; T h , therapeutic; Uf, useful; U1 , useless; TS, total 
number of successful procedures.
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con di ti ons, whereas, the sp ecificity  was 37% (10/27) in
d e t e r m i n i n g  the presence or absence of malignant
o b s t r u c t i o n  and 56% (30/54) in dete cti ng common bile
duct stones (Table 15A). The diagnos tic se nsitivity  of
suc ce ssfu l ERCPs was 100% (10/10) in calculous
o b s t r ucti on , 50% (2/4) in malignant  and 67% (4/6) in
b en i g n  no n-calculo us conditions, whereas, the
s p e c i f i c i t y  was 88% (14/16) in d et erminin g the presence
or absence of mal ignant obst ru ction and 80% (8/10) in
d e t e c t i n g  common bile duct stones.
Finally, the diagnosti c se nsitivity of
su ccess fu l PTCs was 87% (13/15) in calculous
ob str uc ti on, 89% (49/55) in malignant and 44% (8/18) in 
b e n i g n  no n - c a l c u l o u s  conditions, whereas, the
s p e c i f i c i t y  was 64% (21/33) in dete rm ining  the presence
or ab se nce of malign an t obs truct io n and 86% (63/73) in
d e t e c t i n g  common bile duct stones.
Ult r a s o u n d  was considered essential in two 
cases. In the first case, a male patient of 72 years 
of age had c h o l a n g i o c a r c i n o m a  proved by percutaneous 
u l t r a s o n i c  guided needle biopsy. ERCP was not
a tt em pted and PTC was considered useless, because it 
was inconclu sive and the quality of the films were
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Table 15A Diag nostic  value of the original reports of 
succ es sful PTC and ERCP procedures, and s a t i sfact or y US 
scans in 100 jaund iced patients (who had a proven final 
dia gno sis) in different surgical conditions in the 
re tro spec ti ve part of study I.
PTC reports
M B C In. Total
M a i i g n a n t 49 - 6 55
Benig n
n o n - c a l c u l o u s 5 8 5 18
Calcu lou s 2 13 - 15
Total 56 8 13 11 88
M
ERCP reports 
B C I n . Total
Mal ig nant 2 - 2 4
Benig n
n o n - c a l c u l o u s 2 4 - 6
Calcu lou s - 10 - 10
Total 4 4 10 2 20
US reports
M B C In. Total
Ma i ign an  t 24 - 5 19 48
Benign
n o n - c alcu lo us 2 4 - 1 9 6
Calculous 3 - 6 12 21
Total 29 4 11 31 75
M, m a l i g n a n t  c o n d i t i o n s ;  B, be ni gn  n o n - c a l c u l o u s
c o n d i t i o n s ;  C, c a l c u l o u s  o b s t r u c t i o n ;  In, i n c o n c l u s i v e .
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Ta bl e 15B Di agnosti c value of the original reports of 
s u c c e s s f u l  PTC and ERCP procedures, and satis fa ct ory US 
scans in 72 jau nd ic ed patients (who had a proven final 
d i a g n o s i s )  in different surgical conditions in the 
p r o s p e c t i v e  part of study I.
PTC reports_________
M B  C In. Total
M a l i g n a n t 17 - - 4 21
Beni g n
n o n - c a l c u l o u s 1 1 - - 2
C a l c ulous 2 - 3 - 5
Total 20 1 3 4 28
 ERCP reports_____
M B C In. Total
M a i i g n a n t 10 - - 2 12
B e nign
n o n - c a l c u l o u s 1 1 - 3 5
C a l c ul ou s - - 24 - 24
Total 11 1 24 5 41
US reports__________
M B C In. Total
M a i i g n a n t 13 1 1 10 25
Be nign
n o n - c a l c u l o u s — 3 - 1 4
Calc ulous - 1 12 7 20
Total 13 5 13 18 49
M, m a l i g n a n t  c o nd i ti on s ; B, b e n i g n  n o n - c a l c u l o u s
c o n d i t i o n s ;  C, c a l c u l o u s  o b s t r u c t i o n ;  In, in c o nc l u s i v e .
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Tab le 15C Diagno st ic value of the original reports of 
su c c e s s f u l  PTC and ERCP procedures, and satisfacto ry  US 
scans in 172 jau ndice d patients (who had a proven final 
d i a g n o s i s  ) in diffe ren t surgical conditions in the 
r e t r o s p e c t i v e  and pro sp ec tive parts of study I.
PTC reports
M B C In. Total
M a l i g n a n t 66 - - 10 76
B e nign
n o n - c a l c u l o u s 6 9 ' - 5 20
C a l c u l o u s 4 - 1 6 - 20
Total 76 9 1 6 15 116
M
ERCP
B
reports
C In. Total
M a l i g n a n t 12 - - 4 16
B eni gn
n o n - c a l c u l o u s 3 5 - 3 11
Cal cu lous - - 34 - 34
Total 15 5 34 7 61
M
US reports 
B C In. Total
M a l i g n a n t 37 1 6 29 . 73
Be nign
n o n - c a l c u l o u s 2 7 - 1 10
Cal cu lo us 3 1 18 19 41
Total | 42 9 24 49 124
M, m a l i gna nt  conditions; B, benign non-calculous
conditions; C, calculous obstruction; In, inconclusive.
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poor. Since the lesion was thought to be inoperable on 
the basis of US and CT scan, the patient was discharged 
home for terminal care. In this case US had saved the 
patient from unne cessary  operation. The second case 
was a 60 year old female with cho ledocholi thiasis 
proved later at laparotomy and biopsy. PTC in this 
case was mis le ad ing in that it suggested pancreatic 
tumour (Figure 5) and ERCP had not attempted. In this 
case US avoided the patient un dergoing palliative 
st entin g in the mi st ak en belief that biliary 
o b s t r u c t i o n  was due to pan cr eatic  cancer.
ERCP was conside red essential in 4 cases. Two 
pa tient s aged 75 & 84 years with cho led ocholithiasis
were  co nsidered  too ill to undergo any form of therapy 
apart from endoscop ic papillotomy. Two patients had 
o b s t r u c t i v e  jau ndice due to duodenal diverticula and in 
both PTC was mis l e a d i n g  (lesions diagnosed as 
p e r i a m p u l l a r y  tumour) and US was considered useless in 
that it was inconclusive. These two cases with 
d i v e r t i c u l a  have been reported in detail elsewhere 
(Hasan et al. 1988).
In 6 patients, all of them had a proven final 
d ia gn osis at laparotomy and biopsy, PTC was considered 
essential. In two patients with choledocholithiasis
Figure 5 C h o 1 edocho 1 ithiasis confirmed at
la pa r o t o m y  and biopsy. PTC shows a long stricture at 
the lower part of the common bile duct with moderate 
di l a tation  of the proximal ducts. No radiological 
evidence of cho ledo ch olithia si s can be seen, while 
ultrasound scan of this patient was diagnostic for 
calculous obstruction.
aged 60 and 69 years and one patient with
c h o l a n g i o c a r c i n o m a  aged 73-year, ERCP failed to
cann ula te the ampulla, whereas ultrasound was useless 
in that it was inconclusive. Two patients with
pancrea ti c carci noma aged 62 and 69 years and a patient
wit h c h o 1e d o c h o 1 ithiasis aged 71-year, ultrasound 
e x a m in at ions were misleading in that it suggested stone 
o b s t r u c t i o n  in the two cancer patients and pancreatic 
mass in the patient with c h o l e d o c h o l i t h i a s i s . ERCP was 
a t t empted but failed to cannulate the ampulla in one
patient with pancreatic carcino ma and it was not
attempt ed  in the other two patients.
P r o s p e c t i v e  part of study I
A total of 83 jaundi ced patients entered the
study, 38 were men and 45 were women. The age of the
patients ranged from 32 to 92 years and their mean age
was 69 years. Table 5 shows that seventy-two patients 
had a proven diagnosis. All patients in this part of 
the study had dilated int rahepatic ducts on
u l t r a s o n o g r a p h y  and/or direct cho langiography, and they 
had a mean serum bil irubin level of 238 + 32(SE) pmol/1
and mean serum alkaline ph osphatase  concentratio n of
1397 + 173(SE) IU/1 on addmision. Normal values for
total serum bilirubin and serum alkaline phosphatase 
con ce nt ration  in our labo rotory are 3-22 pmol/1 and
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80-280 IU/1, respectively.
U lt r a s o u n d
U l t r a s o n o g r a p h y  of the upper abdomen was
a t t e mp te d in 75 patients. It was considered 
u n s a t i s f a c t o r y  in 17 cases (22%). The main causes for
u n s a t i s f a c t o r y  scans, as stated by the radiologist
u n d e r t a k i n g  the procedure were excessive bowel gas in 
14 patients, ascites in one patient, and previous 
b i l i a r y - e n t e r i c  anastamosis and presence of gas in the 
b i l i a r y  system in 2 patients.
PTC
Per cu ta neous transhepat ic cho langi og raphy was
a t t em pt ed  on 34 patients. It was successful in
ou t l i n i n g  the b i l ia ry system in 31 (91%) cases; all had
di lated i n t r a hepati c ducts demonstr at ed by US. In one 
pat ient wit h  c h o l a n g i o c a r c i n o m a , PTC was combined with 
PTD for 11 days after an attempt at percutaneous 
s t e nt ing of the biliar y system failed. In another
patient who had pancreatic carcinoma, percutaneous 
stentin g was successful as a palliative treatment 
wi thout  any complication. In a female of 88 years with 
c h o l a n g i o c a r c i n o m a , end oscopic and percutaneous routes 
were combined to stent the biliary system when
end osc opic stenting alone had failed. She developed
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repeat ed attacks of cho langitis and septicaemia and 
died within 6 weeks. At autopsy multiple
in trape rit oneal  abscess were discovered. The last two 
pat ien ts who had successful stenting procedures were 
exc lu ded from further stat istical analysis with regard 
to the co mplications  associa ted with PTC.
In total of 31 attempts of PTC without biliary 
d r a in age or stenting, 4(13%) patients developed some 
form of compli ca tion fol lowing the procedure. Two 
pa tient s with pancr eatic carcino ma aged 53 & 62 years 
d e v e l o p e d  two episodes of cholangitis which were 
treated succe s s f u l l y  by antibiotics. A male patient 
aged 87-year who also had pancreatic carcinoma 
d e v el oped bilateral  pleural effusion and a small right 
p n e u m o t h o r a x  follo wing PTC, the condition responded 
s u c c e s s f u l l y  to con serv ative  management. Finally, a 
90 -year old woman who had carcinoma of the gall-bladder 
and c h ole li thiasis , dev eloped severe attack of 
ch olang it is  and G r a m - nega ti ve septicaemia and died on 
the 5th day foll owi ng PTC. Autopsy attributed the 
cause of death to se pticaemia  and hepato-renal failure 
(she had had normal blood urea and creatinine on 
ad dmisi on  and no history of renal problems).
ERCP
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Endoscopic retograde cholan gi o p a n c r e a t o g r a p h y
was successful in obtaining ch ol angiogr ap hy in 49 of
the 58 cases in whom ERCP was attempted (85%). It
failed in 9 cases, in 4 due to duodenal dis to rtion  or 
o b s t r u c t i o n  by the tumour, in two patients only the 
pa nc r e a t i c  duct was cannulated, in one case the
con tra st refluxed when injected into the biliary ducts
and in two cases the ampulla could not be cannulated
w i t h o u t  obvious cause.
ERCP was combined with a diagnostic or a 
th er a p e u t i c  procedure in 42 patients (72%). It was 
s u c c e s s f u l l y  combined with sphi nc terot omy (with or
w i t h o u t  biopsy) in 15 cases, s p hi ncterot om y with Dormia 
basket stone e xt ractio n in 12 cases, and sphincterotomy 
wi t h  b i l iary  stenting in 15 cases. Sphincterotomy 
failled in further three patients.
ERCP was not associated with any complication 
in 16 patients in whom the procedure was not combined 
with papillotomy. In the remaining 42 patients who had 
ERCP and pap illotomy, co mpl ications developed in 17 
cases (40%; Table 16). Major complications which
require d active treatment developed in 10 cases (24%), 
five of whom died as a result. Hyp eramyl asaem ia  (mean
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Table 16 Details of the 17 patients who developed complications 
following ERCP combined with endoscopic papillotomy in the 
prospective part of study I.
Name Age Sex Diagnos is Other
procedures
Comp1ications 
and notes
VR** 74 F Cholang. stent *Cholangi tis
JH 85 F Choiang. stent Hyperamylasaemia
MM 92 F Pancreatic
cancer
stent Hyperamylasaemia
EB 68 M Cholang. stent Hyper a-mylasaemia
EB 78 F Cholang. stent Duodenal perforation
FM 76 F Cholang. stent *0esophageal bleeding
MY* * 88 F Cholang. stent Hyperamylasaemia 
*Cholangitis 
*Septicaemia 
*Abdominal abscess
MO 85 M Ampullary
cancer
stent Hyperamylasaemia
IM 85 F Choled. stone
extraction
Hyperamylasaemia
AS 87 M Choled. stone
extraction
*Respiratory arrest
cc** 72 F Choled . stone
extraction
*Acute pancreatitis
CK 66 M Choied. no *Rectal bleeding
Dp** 6 7 M Choled. no *Cholangitis
*Bleeding
RD 76 F Choled. no *Septicaemia
MM* a 78 F Choled. no Hyperamylasaemia 
*Perfora tion 
*Sep ticaemia
JT 64 M Choied. no
Hyperamylasaemia
IP 46 F Benign
stricture
no Hyperamylasaemia
*Cholangitis
Cholang, cholangiocarcinoma; Choled, choledocholithiasis.
* Indicates a major complications. . . _
** indicates patients who died as a result of complications.
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ser um amylase of 2346 IU/1 on the first few days after 
the procedure) developed in 9 of the cases (21%), but
none of them required treatment for this complication 
w h i c h  was regarded as "bi ochemic al" rather than
"c linic al " acute pancreatitis.
C o m p a r i s o n  of investigations
In the 72 patients, who had a proven final
di agnos is , the satisfact ory US scans were obtained in
49 of the 64 patients having the examination, and the
b i l i a r y  system is su cce ssf ully opacified in 28 of the
31 patients by PTC and in 41 of the 50 patients by 
ERCP. The co mparison  of successful PTC, ERCP and US in 
terms of their di ag nostic values and usefulness in the 
m a n a g e m e n t  of these 72 patients are shown in Table 14.
The ab il ity  of US in defining the presence or 
ab se nc e of bi liary  tract ob structio n in satisfactory
scans was 88% (43/49), and its diagnostic accuracy in
d e t e r m i n i n g  the nature of ob structio n in the biliary 
sy ste m was 57% (28/49). The sen sitivity of
s s t i s f s c t o r y  ultras ound scans was 60% (12/20) in
ch oledo ch o l i t h i a s i s ,  75% (3/4) in benign non-calculous 
and 52% (13/25) in malignant c o n d i t i o n s , w h e r e a s , the
sp ecifi ty  was 67% (16/24) in determining the presence
or absence of malignant obs tr uc tion and 59% (17/29) in
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d e t e ct in g common bile duct stones (Table 15B). In the 
case of unsa ti s f a c t o r y  scans, the diagnos tic  accuracy
of US in det er mi ning the presence or absence of the 
bi l iar y tract obstruct ion was 67% (10/15), and for
d e t e r m i n i n g  the nature of the o bs tr uction was zero.
PTC was successful in d et er mining  the presence 
or absence of obstructi on in the biliary system in 27 
out of 28 successful procedure s (96%), and its
d i a g n o s t i c  accuracy in d etermi ni ng the cause of
o b s t r u c t i o n  was 75% (21/28). The diagnostic
se ns i t i v i t y  of successful PTC procedu res was 60% (3/5) 
in calculous obs truction, 81% (17/21) in malignant and 
50% (1/2) in benign non-cal cu lous conditions, whereas,
the s pecif ic ity was 57% (4/7) in determining the
p r e se nce or absence of mali gnant obstru cti on and 83% 
(19/23) in d e t ec ti ng common bile duct stones.
The abilit y of ERCP to determine the presence
or absence of o bstruc ti on in the biliary system was 
100%, and its dia gno stic accura cy in determining the 
cause of o bstruc ti on was 85% (35/41). The diagnostic 
s en s i t i v i t y  of successful ERCPs was 100% (24/24) in 
calc ulo us obstruction, 83% (10/12) in malignant and 20% 
(1/5) in benign n o n — calculous conditions, whereas, the 
s pe ci ficity  was 86% (25/29) in determining the presence
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or absence of malignant ob st ruction and 71% (12/17) in 
d e t e c t i n g  common bile duct stones.
Ult rasound was considered essential in three 
patients. In one patient with c h o l e d o chol it hiasis and 
a n o th er with pancreatic carcinoma (proven later at
l a p a r o t o m y  and biopsy), both PTC and ERCP failed to
v i s u a l i z e  the biliary system and US was the only
d i a g n o s t i c  investigation. The third case was a 65-year 
old wom an with pancreatic carc ino ma in whom ERCP failed
to cannulate the papilla and PTC was regarded
d i a g n o s t i c a l l y  useless in that it was inconclusive.
In two cases, a 67-year man with
c h o l e d o c h o l i t h i a s i s  and a 70-year woman with pancreatic 
c a r c i n o m a  pr oven later at laparoto my and biopsy, PTC 
was regarded as an essential investigation in
d e t e r m i n i n g  man agement. In both cases, US was a
us eless i n v e s t i g a t i o n  in that it was inconclusive and 
ERCP failed to cannu late the biliary system.
ERCP was considered essential in five cases. 
In four patients (aged 72,77,82 and 88 years) with 
ch ol edoc ho li thias is , ERCP proved to be both a
di agnos ti c and therapeutic procedure. These patients 
were considered too ill to und ergo any form of therapy
apart from endoscopic papillotomy. The fifth case was 
an 85-year old lady with pancreatic carcinoma proven 
later at laparotomy and biopsy; US in this case was 
m i s l e a d i n g  in that it suggested chole do cholith ia sis and 
PTC was not attempted.
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D I S C U S S I O N
In the present study, PTC more con sistently 
pr odu c e d  successful chola ngiog rams (96%; 131/137)
compare d with ERCP (80%; 72/90), and satisfactory
u l t r a s o u n d  scans produced in 82% (141/172) of the
at tempt ed  cases. These figures are comparable to those 
repor ted  p re viousl y (Eyre-Brook et al. 1983; Matzen et 
al. 1982; Muel ler et al. 1981).
U 1 t r a s o u n d
U lt ra sound did not have any complication  even
in two cases who had fine-n eedle biopsy in the present 
study. The main cause of u n s a t i s f a c t o r y  scans in this 
study was the presence of excessive bowel gas as 
report ed p rev io us ly (E yre-Brook et al. 1983). This 
ren de red the scan u n s a t i s f a c t o r y  in no less than 27 of 
the 31 u n s a t i s f a c t o r y  procedures. Ascities, previous
right h e p a t e c t o m y  and presence of gas in the biliary
sy stem due to previous en t e r o - b i l i a r y  anastomosis were 
the causes of the u n s a t i s f a c t o r y  US scanning in the 
re maining 4 cases.
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P e r c ut an eous transhe pat ic cho langio gr aphy
Although PTC has become a relatively less 
common procedure in our hospital, it is relatively 
quick, inexpensive, and may be more widely available at 
sm al ler institutions where reliable endoscopic 
capa b i l i t i e s  lacking. Un for tunat ely, it has also a 
high associa ted morb id ity and mor t a l i t y  in that the
overall comp licatio n rate of PTC in our study is 12%
(16/135) although this is well below the rate of 29%
and 32% reported by Ba um gartner et al. (1987) and
Ni l sso n et al. (1983), respectively. Although in a 
large Amer ic an multice nt re survey dealing with 2005 PTC 
pr o c e d u r e s  carried out with the Chiba-needle where the 
overall major c o m p l i c a t i o n  rate was 3.4% (Harbin et al. 
1980), the maj or comp li cation rate of 6.7% (9/135) in 
the present series is comparable with the 6.3% rate 
reported in recent series from single institutions 
(Table 17).
All patients in the present study had
pr o p h y l a c t i c  an tib iotics before PTC, but sepsis was 
still the most frequent complic ation 5% (7/135) and 
resulted in the death of two patients. The overall 
reported incidence of septicaemia associated with PTC 
in the literature is about 2-3% (Harbin et al. 1980).
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Table 17 Complications associated with fine-needle PTC
in the present study in com parison with previous reports.
n o . Complicat ions
patients total major minor
H a r b i n  et al. 1980
Survey report 2005 nc 68 (3.4%) nc
P r e vi ou s reports 1591 nc 50 (3.1%) nc
Total 3596 nc 118 (3.3%) nc
Rec ent series
Kreek & Balint, 1980 322 102 33 (10.2%) 69
Wild et al. 1980 65 6 3 (4.6%) 3
Robert et a l . 1980 40 nc 3 (7.5%) nc
M u e l l e r  et al. 1981 450 nc 22 (4.9%) nc
Gib bon s et al. 1983 111 10 5 (4.5%) 5
N i l s s o n  et al. 1983 237 76 15 (6.3%) 61
J u t t i j u d a t t a  et al. 1984 276 nc 17 (6.2%) nc
P e d e r s e n  et al. 1985 114 nc 3 (2.6%) nc
B a u m g a r t n e r  et al. 1987 58 1 7 nc nc
Subto tal 1615* nc 101 (6.3%)* n c
Pres ent  study
135 1 6 9 (6.7%) 7
n c , not clearly reported.
* 58 patients in the study by Bau mgartner et al. (1987) 
are excluded from analysis because the number of 
patients developed major complications is not clear.
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Aga in Bau mgartner et al. (1987) found positive septic 
co m p l i c a t i o n s  in 9% (5/58) of their patients with one 
death due to hepatic abscess. The third death in the
present  study was due to acute renal failure in a frail
old patient who had chronic renal failure in addition
to o bs tructiv e jaundice. Alt hough  acute renal failure 
f o l lowing PTC has been reported pre vi ously in patients 
w i t h  normal renal function (Kone et al. 1986), one can 
still recommend an alternative inves tigation in 
patient s with chronic renal failure.
Bile leakage has found in 3% (4/135) patients
fol l o w i n g  PTC in the present study, but only one
patient had sy mptom atic leakage and required an early
laparotomy. The int roduc ti on of the Chiba-needle
technique has reduced the incidence of symptomatic bile 
leakage f o l l owin g PTC to 1-2% in comparison with 3-4% 
for the older sheathed — needle technique (Harbin et al. 
1980; Kre ek & Balint, 1980). However, some workers
still report an incidence of bile leakage in their
series of up to 40% (Juler et al. 1977).
Baumgartner et al. (1987) and McPherson et al. 
(1982) found that mor b i d i t y  and mortality were
increased when percutaneous drainage was added to PTC. 
The present study does not show any differences between
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pat ie nts who had PTC only and those had additional 
dr ai na ge (Table 6) althou gh  the number of patients 
having PTD may be too small to allow firm conclusion in 
this context.
E n d o s c o p i c  r e t r ograd e c h o l a n g i o p a n c r e a t o g r a p h y
ERCP affords a broader diagn ostic approach than 
PTC or US. In the present study, ERCP was not 
a ss o c i a t e d  with any c o m p l i c a t i o n  in 38 patients who had
ERCP w i t ho ut  p a p i lloto my  or other diagnostic or
t h e r ap eu tic procedures. The reported compli cation rate 
of d i a g n o s t i c  ERCP in exper ie nced hands is of the order 
of 2-3%, with a m o r t a l i t y  rate of 0.1-0.2% (Bilbao et
al. 1976; Cotton, 1977).
A p r o s p e c t i v e  mu lt i c e n t r e  study reported 80 
c o m p l i c a t i o n s  in 721 patients undergo ing endoscopic 
s p h i n c t e r o t o m i e s  (11%) with 9 deaths (Frost, 1984). 
The present study has a 19% (10/52) major complication 
rate when ERCP was combined with sphincterotomy. This 
figure should be interpreted with caution. Firstly, in 
15 out of 52 patients s p hincte ro tomy was followed by
stenti ng of the biliary system, and the most recent 
reported com plic ation rate of palliative stenting of 
the biliary tract is 19% (7/37) (Speer et al. 1987). 
Secondly, the figure only includes the patients who had
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j au nd ice, and it does not include all patients
u n d e r g o i n g  endoscopic s p h i n c te rotomy  in this 
dep artment.
Di a g n o s t i c  values
The overall dia gno st ic accuracy of the 
su cc es sful procedures in this study are 78% for PTC, 
84% for ERCP, and 50% for the satisfactor y US scans 
(Table 14). The reported accura cy of PTC in
d e t e r m i n i n g  the precise cause of obstruction in the 
light of the final diagnosis as verified by biopsy, 
l a p a r o t o m y  or autopsy, ranges between 87-96% (Gibbons
et al. 1983; J u t t i j u d a t a  et al. 1986; Pedersen et al.
1985). In a randomize d trail of 52 consecutive 
pa ti en ts with  clinical ob str uctive jaundice, the
di ag no sis was achieved in 91% by ERCP and 69% by PTC 
(Matzen et al. 1982).
The abil ity of US to detect the cause of
o b s t r u c t i o n  depends lar gely upon the experience of the
operator, the technique used, the US equipment and the
nature of the o bs tructi on  in the biliary system.
Therefore, the reported diagnostic value of US ranges
between 29-88% (Eyre-Brook et al. 1983; Gibbons et al.
1983; Gibson et a l . 1986; Gregg & McDonald, 1979).
Table 15C shows that the present study has a diagnostic
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s e n s i t i v i t y  of 44% (18/41) for the det ection of the
commo n bile duct stones, which is better than the
figure of 13-38% reported in most previous studies
(E yr e - B r o o k  et al. 1983, Pedersen et al. 1985) and 
c om p a r a b l e  with  the figure of 45% (13/29) for the
d e t e c t i o n  of retained stones in p o s t - c h o 1ecystectomy 
pa tie nt s (O'Connor et al. 1986). Furthermore, the 
p r e d i c t i v e  value of ultrasound  in the present study was 
75% (18/24) for detection of common bile duct stones,
and 88% (37/42) for d et erminin g the presence or absence 
of m a l i g n a n t  o b s t ru ction in the biliary system.
Co m p a r i s o n
All report ed studies have compared the 
d i a g n o s t i c  a c c uracy  (Table 18), complicati on rate or 
suc cess rate of PTC, US, and ERCP. None of them have 
m e n t i o n e d  the usef ulness or essential nature of these 
i n v e s t i g a t i o n s  in det er mi ning the management of the
pa tie nts (Gregg et al. 1979; Matzen et al. 1982; 
P e d e r s o n  et al. 1985). The present study shows (Table 
14) that in spite of PTC and ERCP being diagnostic in 
91 and 51 patients, respectively, the diagnosis had 
a lr ead y made by US in 25 and 5 cases, respectively. 
Fur the rmore, ERCP and PTC did not provide
i nform at io n which could have been of use in determining
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Table 18 Accuracy of ultrasound, PTC and ERCP in determining 
the correct cause of obstruction in the biliary system in the 
present study in comparison with the similar studies reported 
previously.
US PTC ERCP
Gold et al. 1979 7/19 (37%) 19/19 (100%) --
Gregg & McDonald, 1979 28/56 (50%) -- 50/56 (89%)
Wild et al. 1980 13/46 (28%) 29/46 (63%) --
Matzen et a l . 1982 -- 20/29 (69%) 32/35 (91%)
Gibbons et al. 1983 27/93 (29%) 97/111 (87%) --
Pedersen et al. 1985 74/114 (65%) 106/114 (93%) --
Subtotal 149/328 (45%) 271/319 (85%) 83/91 (91%)
Present study 62/124 (50%) 91/116 (78%) 51/61 (84%)
Total 211/452 (47%) 362/435 (83%) 134/152 (88%)
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the m a n a gement  of the patients when added to that 
a l r ea dy obtained from US. Therefore, the use fulness of 
PTC and ERCP in the management of the patients drops to 
57% (66/116) and 75% (46/61), respectively. On the
contrary, US was useful in 72% (89/124) of cases
de spite  being diagno stic in only 50% (62/124).
A l t h o u g h  US did not diagno se the cause of obstruction
in the biliary tract in 26 out of 89 patients in whom 
the proced ure was considered useful; it was successful 
in d e f in ing the presen ce or absence of obstruction, and 
the level of o b s t ru ction in some cases. Regarding the 
ess en tial  nature of the in ve stigations  in determining
the m a n a ge ment of the patients, the study shows (Table 
14) that ERCP is more fr equen tl y essential (15%) than 
PTC (7%) and US (4%).
R e - e v a l u a t i o n  of PTC
The study also concludes that there are no 
d i f f e r e n c e s  between an exp ierenced surgeon and 
r a d i o logi st  in reporting ch olangiogra ms regarding the 
di gnost ic  value of their reports (Table 9) or in 
s u g g estin g further investig at ion (Table 13).
Fur thermore, the study demon strates  that no improvement 
can be obtained regarding the diagnostic value of the
ch olang i o g r a p h i c  reports, by introducing a prepared 
form for reporting the cholangiograms with added
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p r o b a b i l i t y  and desi ra bility  percentage statements as 
seen in Appendix  1. There were no significant 
d i f f e r e n c e s  between the diagnost ic value of the 
o ri gi nal X- ray reports (Table 14&15) and that given by 
the surgeon and the radiolo gist in the re-evalutio n of 
the 76 cho langi og rams in the ret rosp ective part of this 
study (Table 9).
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Chapter 3
E V A L U A T I O N  OF CH OLA NGIOGRAMS  IN O BST RU CTIVE JAUNDICE 
(S TU DY  II).
AIM OF THE STUDY
The aims of this study were to describe the 
sp ecifi c ch ol ang i o g r a p h i c  features of different 
surgical conditi ons which cause jaundice and to evalute 
the dia g n o s t i c  value of these cholangiograms with 
p a r t i c u l a r  ref er ence to their ability to differentiate 
b e t w e e n  benign  and malignant conditions.
PATIENTS AND METHODS
Ch o l a n g i o g r a m s
The cho langiogra ms of all patients with 
surgica l obstru cti ve jaundice in the retrospective and 
p r o s p ecti ve  parts of study I (Chapter 2), who had a 
final diagnosis based on operative findings, biopsy, 
au topsy  or end oscopy (in the case of common bile duct
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stones) were reviewed, without reference to the final 
d ia gno sis , history or information in the original X-ray 
reports. Data were collected on the form shown in 
A p p e n d i x  4. The cholangio grams were regarded as 
s a t i s f a c t o r y  when the common bile duct, the common 
h ep atic duct, both the right and left hepatic ducts, 
and some of the intrahepatic ducts were opacified or
there were clear indications of an obstructive lesion 
w i t h i n  them. Using a simple plastic ruler graded in
m i l l i m e t r e s  the maximum diameter of the left or right 
he patic duct after its first intrahepatic division 
(first g en er ation  of the intrahep atic ducts) was 
m e a s u r e d  to the nearest mi ll ime tre (the higher value 
was taken). The state of the int rahepatic ducts was
cla ss if ied as normal (no dilatation) when the maximum 
d i a m e t e r  was <5mm (Hamilton et al. 1982), mild or
slight d i l a t a t i o n  when the ma xi mu m diameter was 5-7mm, 
m o d e r a t e  d i l a t a t i o n  when the maximum diameter was 
8-12mm, and gross or severe dilatatio n when the maximum 
di amete r was >12mm. The maximum diameters of the 
commo n hepatic duct, common bile duct and the 
tr ansvers e and longitudinal  diameters of of the 
g a l l - b l a d d e r  were then measured to the nearest
mil limetre. It was noted whether the gall-bladder was
v i s u alize d and whether it appeared to be distended, 
involved by tumour or contain gall stones. The
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§ a l l — bladder was considered dis tended when its 
transverse  diameter was more than 40mm. It was
considere d shrunken when its transverse diameter was 
less than 25mm. The figures betw een these two values 
(25-40mm) were regarded normal. The presence or
absence of complete or partial obs tr uc tion ot the flow 
of contrast material into the du odenu m was noted as was 
the level of any obstruction. The most likely cause of 
o b s t r u c t i o n  was then cla ssified as malignant, calculous 
or beni gn non-calcul ou s obstruction. In case where 
there was more than one possibility, the cause was
recorded as inconclusive.
Bi o c h e m i s t r y
The final diagnosis of these patients was then 
i d e n ti fi ed from their case-notes and the values of the 
total serum bi li rubin and serum alkaline phosphatase 
c o n c e n t r a t i o n  in the same day prior to cholangiography 
were noted. The normal values for the total serum 
b i l i r u b i n  level and serum alkaline phosphatase 
c o n c e n t r a t i o n  in our labor at ory are 3 — 22 ^imol/1 and 
80-280 1U/1, respectively.
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Com pa ri son
The chola ngiograms  were then analyzed and 
co mpare d with regard to the following criteria:- 
1 - Statisti cal significance of the degree of dilatation 
of the int rah epat ic  ducts, commom hepatic duct, common 
bile duct and the gall-bladd er in different groups 
sepa rat ed according to the ultimate diagnosis.
2- Shape of the obstructing lesion when completely 
outlined.
3- Shape of the lower end of the opaque colomn when 
o b s t r u c t i o n  was incomplete.
4- Course of the extra hepatic  ducts.
5- Cons i s t e n c y  or i nconsis te ncy in the calibre of the 
i nt ra hepati c ducts.
6- The di agnostic value of the cholangiogra ms and in 
p a r t i c u l a r  their abi lity to different iate between 
b eni gn and m a l i gn ant conditions.
7- In each specific surgical condition the
c h o l a n g i o g r a p h i c  features were studied to find the 
fre q u e n c y  of their occ urence and these were compared 
with the incidence of abnor ma li ties reported in the 
literature.
8- Unusual ch olangi og raphic features and abnormalities 
were  identified.
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St atistics
An "Apple lie" personal computer was used to 
create personal filing system and to perform all
st a t istica l analysis including Chi-square test, paired 
and unpaired  Student's T-tests, and Fisher's exact 
p r o b a b i l i t y  test as appropriate. The differences
be tween  groups were considered statistically
sign i f i c a n t  when the prob ability  of their arising by
random  sampling error was less than 1 in 20 (P<0.05).
The d e f i n it io ns of the statistical terms used in the 
ch apter  are listed in Appendi x 3.
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RE SU LTS
The cholang iograms of 147 patients who had 
sur gic al obstr uctive jaundice, with mean total serum 
b i l i r u b i n  level of 220 jumol/1 and mean serum alkaline 
p h o s p h a t a s e  con cen trati on  of 1259 IU/1, were reviewed.
All cho lan gi ograms were suitable for review although in 
eight patients the cholang iograms were not technically 
very satisfactory. In three of these eight patients 
the intrahe pa tic ducts and in two the extrahepatic 
ducts were not opacified clearly, in two the quality of 
av a i l a b l e  films were poor, and in one extra vasation of 
the contra st media had resulted in blurring of the 
films. However, all of 147 cholangiograms were still
in clu de d in the study.
The clinical and biochemical, and radiological
fi ndi ngs of these 147 patients are summarised in Table 
19 and Table 20, respectively. Patients with benign 
n o n — calculous  con ditions were younger (mean age 54 
years) in comp arison with patients having
c h o l e d o c h o l i t h i a s i s  (mean age 68 years) or malignant 
o b s t ru ct ion (mean age 73 years; P<0.001). There was no 
st a t i s t i c a l l y  significant difference between the 
three groups regarding the ma x i m u m  diameters of the
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Table 19 Comparison of clinical and biochemical findings of 147 
jaundiced patients having benign non-calculous, calculous and 
malignant obstruction of the biliary system.
Nature of the obstruction in the biliary system
Benign Calculous Malignant Total
non-calculous
Age (mean + SD) 54 + 15 73 + 10 68 + 12 67
Sex (m/f ) 12/9 22/21 45/38 ■' 79/68
Final diagnosis
CP: 11 43 CA-P: 51
DD: 2 CH: 18
SC: 2 P-AM: 8
TS: 6 MET: 5
CA-GB: 1
Diagnosis based on
biopsy 13 — 61 74
laparo tomy 8 20 18 46
autopsy — ------ 4 4
endoscopy — 23 23
Biochemical tests (mean + SE)
Aik phos (IU/1) 1141 + 194 1101 + 172 13 34 + 92 1259
Bilrubin (yjmol/1) 119 + 33 128 + 27 273 + 19 220
CP, chronic pancreatitis; DD, duodenal diverticula; SC, 
sclerosing cholangitis; TS, traumatic stricture; CA-P, pancreatic 
carcinoma; CH , choiangiocarcinoma; P-AM, periampullary carcinoma; 
MET, metastatic lesions; CA-GB, carcinoma of the gall-bladder, 
Aik phos, serum alkaline phosphatase concentration.
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Table 20 Comparison of the radiological findings of benign 
non-calculous , calculous and malignant conditions of the biliary 
system in 147 patients with obstructive jaundice.
Nature of the obstruction
non
Benign
-calculous
Calculous Malignant Total
Type of cholangiography
PTC/ERCP 15/6 19/24 73/10 107/40
Degree of obstruction
Partial/Complete 15/6 17/26 23/60 55/92
Maximum diameter (mean & SD)
Intrahepatic ducts (mm) 9 + 4 9 + 4 1 0 + 3 10
Common hepatic duct (mm) 20 + 10 21 + 10 23 + 8 22
Common bile duct (mm) 20 + 9 21 + 10 22 + 9 21
Gall-bladder (mm) 47 + 11 34 ±  10 54 + 14 47
Gall-bladder
Visualised 8 24 50 82
Not visualized 6 13 30 49
Removed 7 6 3 16
Dis tended 5 7 39 51
Shrunken 0 9 1 10
Contain stones 2 15 11 28
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in t r a h e p a t i c  ducts, common hepatic duct and common bile 
duct, and the value of serum alkaline phosphatase 
c o n c e n t r a t i o n  (unparied T-test).
On the other hand, a sig nifi cantly higher value 
of the total serum bilirubin level was recorded in 
pat ie nts with mal ignant conditions (P<0.001), and the 
m a x i m u m  transverse diameter (mean & SD) of the 
g a l l - b l a d d e r  was signific ally larger in malignant 
o b s t r u c t i o n  (54 + 14mm) than in benign non-calculous
and calculous obstruct ion together (38 +_ 12mm; P<0.01). 
Ho wever , there was a considerab le overlap between the 
group s in terms of the m a x im um diameter of the 
i n t r a h e p a t i c  ducts, common hepatic duct, common bile 
duct, and the transverse diameter of the gall-bladder 
in pat ie nts with  benign non-calculous, calculous and 
m a l i g n a n t  con ditions  (Figures 6&7).
C h o l e d o c h o l i t h i a s i s
The diag no stic sensi tivity and specificity of 
the c h o l a n gi og ra ms in det ec tion of stones in the common 
bile duct without reference to the patient's present or 
past clinical history, were 86% (37/43) and 88%
(92/104), re sp ect ively (Table 21).
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Figure 6 The mea su rements  of the maximum diameter 
of the int ra he patic  ducts (IHD), common hepatic 
ducts (CHD) and common bile ducts (CBD) in benign 
n o n- calcul ou s , calculous and malignant obstructions 
of the biliary system in 147 patients with 
ob str uctive jaundice.
mm
Benign
non-calculous
Calculous Malignant
Figure 7 The maximum transverse diameter of the 
o p a ci fi ed  gal l-b ladders in benign non-calculous, 
cal culous and malignant obstruction of the biliary 
s yst em in re-evaluation of the cholangiograms of 147 
p ati ents with obstructive jaundice.
Tab le 21 The diagnostic value of the cholangiograms 
of 147 jaund iced patients with different surgical 
conditi ons .
Final
d i a g n o s i s
Nature of obs t ruction
cases N C B I n c .
Ne o p l a s m 83 70 3 3 7
Calc ulous 43 2 37 1 3
Benign
n o n - c a l c u l o u s
21 9 0 10 2
Total 147 81 40 14 12
N, neo plasm; C, calculous; B, benign non calculous; 
Inc, inc onclusive.
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The cholangiographic abnormality seen was a 
co n s t a n t  filling defect in the lower common bile duct 
in 28 cases (Figure 8). In 6 of these 28 patients the 
bi l i a r y  tree was impacted almost completely with stones 
(Figure 9). In eight cases the cholangiographic 
a b n o r m a l i t y  was a downwardly concave meniscus at the 
lower part of the common bile duct with complete
o b s t r u c t i o n  to the flow of contrast media into the
d u o d e n u m  (Figure 10). In four patient, stones impacted 
at the lowest part of the common bile duct showing no
fi ll in g defect or meniscus sign (Figure 11); this and
c o m pl ete obstruction of the biliary system resulted in 
i n a b i l i t y  to rule out the poss ibi lity of periampullary 
c a r c i n o m a  as the cause of obst ructio n in two cases. 
Ho wever , all of these four cholang iograms had also 
r a d i oluce nt  filling defects in the proximal segments of 
the dilated duct system, and two cholangiograms showed 
stones in the gall-bladder. In furthure two patients, 
the cholangiograms showed dilated ducts extending down 
to the ampulla (Type II stricture of Caroli) with no 
e vi de nce of filling defects or meniscus (Figure 12). 
The gall-bladder was full of small gall stones in the 
first case and it was not opacified in the second. The 
ch ol an g i o g r a p h i c  features of these two patients were 
more infavour of malignant than calculous obstruction. 
Finally, the cholangi ogram of one patient showed a
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Figure 8 C h o 1e d o c h o 1 i t h i a s i s . PTC shows a constant
filling defect at the lower end of slightly dilated 
common duct. The gall-bladder is small.
Figure 9 C h o i edocholithiasi s . ERCP shows a dilated 
b il iar y tract with multiple filling defects.
Figure 10 C h o1e d o c h o i i t h i a s i s . PTC shows a typical 
d o w n w a r d l y  concave menlsus at the lower part of
common bile duct with slight dilatation of the 
proximal biliary ducts.
Figure 11 C h o 1e d o c h o 1 ithi a s i s . PTC shows complete
o b s t ru ct ion of the common bile duct at its lower 
part, multiple filling defects in the gall-bladder 
and dilatat ion of the proximal biliary ducts.
Figure 12 C h o 1e d o c h o l i t h i a s i s . PTC shows slightly 
dilated common bile duct with partial holdup at its 
lower end. There is a rounded impression in the 
medial margin of the second part of the duodenum. 
The ga ll -bl adder is full of stones.
sm oot h tapering of the common bile duct to a stricture 
at its lower end with moderate proximal dil atati on of 
the duct system (Type I stricture of Caroli), an 
a ppear an ce  whic h is usua lly regarded as peculiar to 
chronic pancreat itis (Figure 5, Chapter 2).
ben ign n o n-cal cu lous conditions
The accuracy of the cho langiogra ms for the 
di agnos is  of the benign non-calcul ou s conditions, 
wi thout  kn owledge of the previous clinical history of 
the patients was 48% (10/21), whereas, the positive and 
ne gativ e pred ictive  values were 71% (10/14) and 93%
(112/121) r e s p ectiv el y (Table 21).
1- Chro nic pancre atitis
In 11 patients who had chronic pancreatitis, 
the ch o l a n g i o g r a m s  showed appearances consistent with 
that dia gn os is in 10 cases. The cholangiogaphic 
a b n o r m a l i t i e s  associa ted with chronic pancreatitis will 
be discuss ed in detail in the succeding chapters,
2- Benign strictures
In a 72-year old man who did not have history 
of any previous biliary surgery, the cholangiographic 
a p p e a r a n c e  w a s  v e r y  s u g g e s t i v e  o f  a l e s i o n  i n  t h e  
p a n c r e a t i c  h e a d  ( f i g u r e  13). H i s t o - p a t h o l o g i c a l
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Figure 13 Benign fibrous stricture. PTC of a 
72-year old man shows a very tight stricture at the 
lower part of the common bile duct with mild 
d i l a ta ti on of the proximal biliary ducts. The
app earances are very suggestive of a pancreatic head
lesion.
e x a m i n a t i o n  revealed a fibrous stricture with no 
evid en ce  of chronic pancreatitis  or pancreatic
malignan cy. The remaining five cases had had a history
of previo us ch ol ecy s t e c t o m y  with or without exploration 
of the common bile duct, and their stricture proved to 
be be nign at lap ar ot omy and biopsy. The cholangiograms 
of these patients showed complete obstruction or a very 
tight short str icture of the common hepatic duct with
mo d e r a t e  to severe dila ta tion of the proximal segments
of the bi lia ry  tract (Figures 14-16).
3- Sclerosing  cholangitis
In the two patients ult imate ly thought to have 
sc l e r o s i n g  cholangitis, the cho langiogram of the first 
case showed mod erate  dil ata ti on of both intrahepatic 
and e x t r a h e p a t i c  ducts including the gall-bladder, with 
m u l t i p l e  tight strictures in the biliary tract (Figure 
17). The second case had a very tight stricture at the 
b i f u r c a t i o n  of the left and right hepatic ducts with 
n u m e r o u s  filling defects in moderately dilated 
i n t r a hepa ti c ducts, giving the appearances of tumour 
emboli (Figure 18). However, both cholangiograms 
showed dimin ished branching of the intrahepatic ducts 
and a "pruned tree" confi guration usually regarded as 
p ecu liar to sclerosing cholangitis.
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F i g u r e  14 T r a u m a t i c  s t r i c t u r e  in a 72- y e a r  old 
w o m a n  who had c h o l e c y s t e c t o m y  40 years ago f o llowed
by e x p l o r a t i o n  of the c o m m o n  bile duct for retained
gall sto n e s  9 years lat er. PTC shows complete
o b s t r u c t i o n  at the lower end of the common hep a t i c
duc t  w i t h  sev e r e  d i l a t a t i o n  of the pro x i m a l  bil i a r y
ducts.
F i g u r e  15 T r a u m a t i c  s t r i c t u r e  in a 3 0 - y e a r  old
w o m a n  due to c o m m o n  bile duct i n j u r y  and repair 
d u r i n g  c h o l e c y s t e c t o m y  5 m o n t h s  ago. PTC shows two 
s t r i c t u r e s  of 2 & 4 m m  l e n g t h  in the common h epatic  
duc t  w i t h  m o d e r a t e  d i l a t a t i o n  of the proximal
b i l i a r y  ducts. The com m o n  bile duct a ppears normal 
in c a l i b r e  and shape.
F i g u r e  16 T r a u m a t i c  s t r i c t u r e  in a 4 3 - y e a r  old man 
due to b i l i a r y  s u r g e r y  one year ago. PTC shows 
c o m p l e t e  o b s t r u c t i o n  of the c o m m o n  bile duct just 
b e l o w  the i n s e r t i o n  of the c y s t i c  duct, s h o u l d e r i n g  
and t r a c k i n g  of the c o n t r a s t  media, and moderate 
d i l a t a t i o n  of the p r o x i m a l  ducts.
F i g u r e  17 S c l e r o s i n g  c h o l a n g i t i s .  PTC of a 3 8 - y e a r  
old m a n  shows m u l t i p l e  tight s t r i c t u r e s  t hroughout 
the i n t r a -  and e x t r a - h e p a t i c  d u cts with mod e r a t e  
d i l a t a t i o n  of the b i l i a r y  s y s t e m  i n c l u d i n g  the 
g a l l - b l a d d e r .
F i g u r e  18 S c l e r o s i n g  c h o l a n g i t i s .  PTC of a 71 year 
old m a n  shows i r r e g u l a r  d i l a t a t i o n  and s t r i c t u r e s  m  
the i n t r a h e p a t i c  ducts w ith c o m p l e t e  o b s t r u c t i o n  of 
the b i l i a r y  tract at the p o r t a  hep a t i s .
4- Duodenal dive rticul a
Two patients were found at laparotomy to have 
du ode na l div erti cu li responsible for their jaundice;
m a l i g n a n t  change was excluded on his to —pathological 
e x a m i n a t i o n  of pe ri am p u l l a r y  region biopsy in both 
cases. Both ch olangiogr ams showed dilatation of the 
in tra h e p a t i c  and extrahep at ic biliary tract (maximum 
diamete rs  15&16mm), with delay in the passage of
co n tra st  into the duodenum. The cholangiogram of the 
first patient showed an apparent rounded deformity of 
the medial wall of the second part of the duodenum
(Figure 19). The cholang io gram of the second patient 
showed an i r r e g ularl y narrowed lower end of the common 
bile duct which opened into a dive rticulu m containing a 
filling defect (Figure 20). Details of these two 
patients are discu sse d elsewhere (Hasan et al. 1988).
M a l i g n a n t  conditions
The sensitivity and specificity of
cholan g i o g r a m s  in this study with regard to the 
presence or absence of malignant obstruction in the 
bi li ar y system were 84% (70/83) and 75% (48/64),
respe c t i v e l y  (Table 21). The positive and negative 
pr e d ictive  values of these cholangiograms in
d e t e r m i n i n g  the presence or absence of malignant
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F i g u r e  19 D u o d e n a l  d i v e r t i c u l u m .  PTC of a 81- y e a r 
old w o m a n  shows d i l a t a t i o n  of the comm o n  bile duct 
and an a p p a r e n t  r o u n d e d  d e f o r m i t y  of the medial wall 
of the s e c o n d  part of the d u o d e n u m .
F i g u r e  20 D u o d e n a l  d i v e r t i c u l u m .  PTC of a 71 year 
old man s h o w s  a d i s t e n d e d  c o m m o n  bile duct w ith an 
a p p a r e n t  f i l l i n g  def e c t  w i t h i n  an a s s o c i a t e d 
d u o d e n a l  d i v e r t i c u l u m .
co nd itio ns  were 86% (70/81) and 89% (48/54),
respect ive ly.
1— Pa nc rea tic head carcinoma
Fifty-one patient had a proven final diagnosis 
of pa nc reati c cancer. In three patients, the 
c h o l a n g i o g r a m s  were inconclusive; since it was
i m p o ss ib le to rule out the possibility of chronic 
p a n c r e a t i t i s  as the cause of the obstruction. In two 
patie nts , the choiangiogra ms were misleading; in both 
there was smooth and gradual narrowing of the common 
bile duct into a sticture at its lower end (Type I 
st rictu re  of Caroli) which was very suggestive of 
ch ronic  pancreatitis. The cholangiographic appearances
were diag nosti c in 46 patients and will be discused in
detai l in Chapter 4.
2- C h o l a n g i o c a r c i n o m a
The cho lan gi ograms were diagnostic in 16 out of 
18 patients with cholangiocarcinoma. The
c h olan gi og rams showed complete obstr uction to the flow
of the contrast media in 11 cases. The obstruction was 
at the junct io n of the right and common hepatic duct in 
two cases, at the common hepatic duct in eight cases, 
and at the begining of the common bile duct in one 
case. The appearance of the end of the obstruction was
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V - s h a p e d  in four, U-shaped in one, an irregular cut-off 
in three, and shouldering in two cases (Figures 21-24). 
In one case the end of the obstruction showed the 
typical dawnward ly concave meniscus of stone 
obst ruc tion. All of these obstructions were associated 
w i t h  moderat e to severe proximal dilatation.
The obstruction in the biliary tract was 
incompl et e in seven cases. The length of the stenosis 
ranged from 5mm to 60mm. The disease primarily 
involved the common hepatic duct in three cases (Figure 
25), while in four cases there were widspread
str i c t u r e s  throughout the biliary tree (Figure 26).
The cholan giograp hic appearance was
i n c o n c l u s i v e  in one case and misleading in another in 
that it suggested stone in the common bile duct as the 
cause of the obstruction. However, both had poor
qu a l i t y  films and most of the biliary ducts were not 
op ac if ied clearly.
3- P e r i a mpull ar y carcinoma
The cholangio grams were diagnostic in 6 of the 
8 patients with periam pulla ry carcinoma, and the 
cholang i o g r a p h i c  picture was one of a biliary system 
whi ch  is dilated down to the lower end of the common
2 0 0
F i g u r e  21 C h o l a n g i o c a c i n o m a . PTC of a 77- y e a r  old
w o m a n  shows a V - s h a p e d  o b s t r u c t i o n  of the right 
h e p a t i c  duct w i t h  m o d e r a t e  d i l a t a t i o n  of the right 
i n t r a h e p a t i c  ducts.
F i g u r e  22 C h o l a n g i o c a r c i n o r a a . PTC of a 77-year old 
m an shows U - s h a p e d  o b s t r u c t i o n  of the common bile 
d uct at its j u n c t i o n  w ith the cystic duct with 
m o d e r a t e  d i l a t a t i o n  of the p r o x i m a l  b i l i a r y  ducts 
i n c l u d i n g  the g a l l - b l a d d e r .
F i g u r e  23 Cholangiocarcinoraa. PTC of a 59 years 
old man shows i r r e g u l a r  c u t - o f f  o b s t r u c t i o n  of the 
c o m m o n  h e p a t i c  duct at the p o r t a  h e p a t i s  with severe 
d i l a t a t i o n  of the p r o x i m a l  i n t r a h e p a t i c  ducts.
F i g u r e  24 C h o l a n g i o c a r c i n o m a . PTC of a 73-year old 
man shows s h o u l d e r i n g  and c o m p l e t e  o b s t r u c t i o n  of 
the c o m m o n  h e p a t i c  duct at the porta hepatis with 
s e v e r e  d i l a t a t i o n  of the i n t r a h e p a t i c  ducts.
F i g u r e  25 C h o l a n g i o c a r c i n o m a . PTC of a 6 1 - y e a r  old 
m a n  shows a tight s t r i c t u r e  2 8 m m  long at the o r i g i n  
of the c o m m o n  h e p a t i c  duct, w i t h  irr e g u l a r
d i l a t a t i o n  of the right i n t r a h e p a t i c  ducts; the left 
i n t r a h e p a t i c  s y s t e m  is not v i s u a l i s e d .  The common 
bile duc t  a p p e a r s  n o r m a l  but the g a l l - b l a d d e r  is
d i s t e n d e d .
F i g u r e  26 C h o 1 a n g i o c a r c i n o m a . PTC of a 6 3 - y e a r  old 
m a n  shows two s t r i c t u r e s  in the c o m m o n  h e p a t i c  and 
c o m m o n  bile d u cts with s e v e r e  d i l a t a t i o n  of the 
right i n t r a h e p a t i c  ducts and n o n — o p a c i f i c a t i o n  of 
the left i n t r a h e p a t i c  system.
bile duct including the gall -bl adder (Figure 27). In 
three of these 6 patients this abnormality was 
associated with multiple filling defects proximal to 
the o bstr uc tion (Figure 28). The cholangiographic 
ap pearanc es were misl eading in two cases. In the first 
case, ERCP showed a dilated and tortous pancreatic duct 
with smooth and gradua lly tapered common bile duct at 
its lower end which was very suggestive of chronic 
panc rea ti tis. In the second case, the cholangiographic 
app ea ranc e was one of irregular cut-off of the common 
bile duct at its upper part with moderate to severe 
d i l a t a t i o n  of the proximal biliary ducts. This and none 
v i s u a l i z a t i o n  of the gall -bladder and multiple filling 
defects in the dilated ducts were very suggestive of 
gall stone obstruction.
4- M e t a s t a t i c  lesions
In two patients the metastatic lesions in the 
porta hepatis and liver parenchyma presented as 
multiple irregular strictures and dilatations in the 
bi lia ry tree (Figure 29). In furthure two patients, 
me t a stases  around the common duct gave a
c h o l a n giograp hi c picture very similar to that of 
pancreatic head carcinoma (Figure 30). The
c h o l a n giograp hi c appearance was misleading in one case; 
it showed a typical downwardly concave meniscus of
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F i g u r e  27 P e r i a m p u l l a r y  c a r c i n o m a .  PTC of a
6 8 - y e a r  old w o m a n  shows m o d e r a t e  to severe
d i l a t a t i o n  of b oth i n t r a -  and e x t r a - h e p a t i c  ducts
i n c l u d i n g  the g a l l - b l a d d e r  (Type II s t r i c t u r e  of
Ca r o 1 i ) .
F i g u r e  28 P e r i a m p u l l a r y  c a r c i n o m a .  PTC of a
5 6 - y e a r  old man shows m o d e r a t e  d i l a t a t i o n  of both 
i n t r a -  and e x t r a - h e p a t i c  ducts (Type II s t r icture of 
C a r o l i )  w i t h  m u l t i p l e  f i l l i n g  d e f e c t s  at the lower 
part of the c o m m o n  bile duct.
tHk
F i g u r e  29 M e t a s t a t i c  l e sions. PTC of a 5 5 - y e a r  old 
man shows v e r y  tight and i r r e g u l a r  s t r i c t u r e s  of the 
i n t r a h e p a t i c  ducts and the c o m m o n  h e p a t i c  duct, w ith  
c o m p l e t e  o b s t r u c t i o n  of the c o m m o n  h e p a t i c  duct at 
its l o wer end.
F i g u r e  30 M e t a s t a t i c  lesions. PTC of a 53 year old 
w o m a n  shows a v e r y  tight s t r i c t u r e  at the lower end 
of the c o m m o n  bile duct w i t h  severe d i l a t a t i o n  of 
the p r o x i m a l  b i l i a r y  ducts (Type V s t r i c t u r e  of 
Car o l i  ) .
stone obs tructio n at the begining of the common bile 
duct with moderate  dila tation of the proximal biliary 
ducts.
5- Ca rci noma of the gall- bladder
In one case the h i s t o - p a t h o 1ogical examination 
of the gal l- bladder  confirmed the presence of carcinoma 
and gall stones. The cholangiogra phic appearances were 
of a very tight stricture 37mm long involving the 
common hepatic duct and extending into the left hepatic 
duct, a soft tissue mass in the region of the 
g a l l - blad de r stretching and medial ly displacing the 
lower end of the common duct and jejunal loops, non
o p a c i f i c a t i o n  of the gall-bladder, and moderate
d i l a t a t i o n  of the right intrahepatic biliary ducts
(Figure 31).
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1F i g u r e  31 C a r c i n o m a  of the g a l l - b l a d d e r .  PTC of a
9 0 - y e a r  old w o m a n  shows a v e r y  tight s t r i c t u r e  of
the c o m m o n  h e p a t i c  duct i n v o l v i n g  the left h e p a t i c  
d uct also, w i t h  m o d e r a t e  d i l a t a t i o n  of the right 
i n t r a h e p a t i c  d u c t s  and m e d i a l  d i s p a c e m e n t  of the
c o m m o n  d uct and loops of the small i n t e stine by a
soft t i s s u e  m a s s  in the r e g i o n  of the gall-b l a d d e r .
D ISCUS SI ON
The aims of direct cho lang io graphy prior to 
surgery are to differenti at e between intrahepatic and
extrahepat ic  cholestasis, determine the level and 
extent of lesion and identify the nature of the 
obstruction. However, I believe that with availability 
of n on -invas iv e and simpler methods such as US, the
first two aims can be achieved without recourse to
direct cholangiog raphy. Direct cholangiography,
therefore, should be reserved as a mean of identifying 
the cause of obstru cti on in the biliary system, and if 
required, to provide a map of the biliary system prior 
to surgery. The overall ability of direct
c h o langiog ra phy to identify the cause of the
obstruction in this study was 80% (117/147); but if 
unsati s f a c t o r y  scans were excluded the sensitivity 
rises to 84% (117/139). The accuracy of direct
c h o l a n giograp hy  in determining the cause of obstruction 
as verified by biopsy, autopsy or/and laparotomy, 
varies between 69% to 96% in the literature (Gibbons et 
al. 1983; Jutt iju data et al. 1986; Matzen et al. 1982; 
Pedersen et al. 1985). Pedersen et al. (1985) in a 
prospective study of 114 consecutive jaundiced patients 
comparing PTC with US, reported a diagnostic accuracy 
of 93% (106/114) for direct cholangi ography as verified
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by la parotomy or autopsy. The diagnostic  sensitivity 
and s peci fi ci ty of PTC in their study were 94% (85/90) 
and 88% (21/24) for malignant conditions, 78% (7/9) and 
95% (100/105) for benign non-calcul ous conditions, and 
93% (14/15) and 97% (96/99) for c ho1 e d o c h o 1 i t h i a s i s ,
respectively. Furthermore, in a pro spective study
which included direct c h o l a n gi og raphy of 102 patients
with obstructive jaundice, Matzen et al. (1981) found a
92% sensit ivity and 89% spe ci ficit y in identifying the 
presence or absence of mal ignant conditions, and a 96% 
se nsi tivity and 98% specifi city for the presence or 
absence of calculi in the common duct. The present 
study has a se nsiti vity and sp ecificity  of 84% and 75%
for malignant conditions, 48% and 89% for benign
non-c alc ulous conditions, and 86% & 88% for
c ho le docholithia sis , r espe ct ively (Table 21). However, 
the lower diagnos tic value of direct cholangiograph y in 
the present study in comparison with the previous two 
studies can be explained by the lack of information 
regarding patients clinical history and results of 
other investi gat ion during the re-evaluation of 
ch ola ngiograms (Fleming et al. 1972; Reuben et al.
1978; Silvis et al. 1976).
There was a significantly  higher level of mean 
total serum bilirubin prior to direct cholangiography
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in patients with malig nant ob struction (2 73 jumol/1) 
than in patients with benign non-cal culous obstruction 
(119 ^imol/1) or chol ed o cho 1 i thi a s i s (128 jumol/1; 
P<0.001). This can partly be explained by the fact 
that complete obst ruction of the biliary tract was more 
frequent in patients with ma lig nan t conditions (72%) 
than in patient with benign non-calculous  conditions 
(29%) and c h o l e d o c h o 1 ithiasis (60%; Table 20). Fleming 
et al. (1972) and Goldberg (1983) have also observed 
that complete obs tr uc tion of the biliary tract is more 
frequent with mali gnant conditions. Therefore, in the 
absence of a history of previous biliary surgery or the 
usual cholang io gr aphic features of stone obstruction 
(filling defect and meniscus sign), any complete or 
near complete ob str uction of the biliary ducts must be 
highly suspicious for a ma lig nant condition regardless 
of the cho lan giogr ap hic appearances.
It has been found by others that patients with 
greatly dilated ducts are more likely to have stone 
ob str uction or malignant conditions in the biliary 
system rather than benign non-calculous conditions 
(Fleming et al. 1972). However, the present study did 
not demonstrate any statisticall y significant 
difference between patients with c h o l e d o c h o l i t h i a s i s , 
benign non-cal cul ous and malignant conditions with
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regard to the ma xi mu m diameters of the intrahepatic 
ducts, common hepatic duct and common bile duct (Table 
20). Both the study by Fleming et al. (1972) and the 
present study demonstrat e that the extent of overlap 
betw een  the three groups is so great (Figure 6) that 
me asurem ent of bile duct calibre cannot separate 
patients with malignant obs tr uction from patients with 
c h o l edoch ol it hiasi s or benign non-calculous conditions. 
Me asurem ent of bile duct diameter by ultrasound are 
therefore of limited value in determin ing the cause of 
jaundice. A similar obse rvati on  has been previously 
reported in connection with the investigation of 
p os t- c h o l e c y s t e c t o m y  patients for retained common duct 
stones (Hamilton et al. 1982).
The ma ximum transverse diameter (mean & SD) of 
the gall-blad der was s i gnific an tlly larger in malignant 
conditions (54 _+ 14mm) than in choledoc hol ithiasis (34 
+ 10mm) or benign non-cal culous conditions and
ch ole docho li th iasis  together (38 _ +  12mm; P<0.01).
Although, Figure 7 shows some overlap in the maximum 
transverse diameter of the gall-bladde r in patients 
with benign non-calculous, calculous and malignant 
obstructions, it also shows that patients with a 
contracted gall- bla dder are unlikely  to have malignant 
or even benign non-calculous obstructi on of the biliary
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tract. But the opposite is not true, patients with 
dilated gall-bladd er  could have calculous, benign 
no n- ca lculou s or malignant causes of obstruction. This 
was also the case with the study by E y r e — Brook et al. 
(1983) who found that 19 patients with a small 
gall-bla dd er containing multiple stones had gall stone 
jaundice while 57 of 61 patient with a dilated 
stone-free gal l-bla dd er had malignant distal 
ob st ruct io n as verified at laparotomy and biopsy. 
Patients with c h o 1 e d o c h o 1 ithiasis had also higher 
incidence of gall stones in their gall-bladder 63% 
(15/24) in comparison with patients having benign 
non-calculous 25% (2/8) and malignant 22% (11/50)
causes of obstructio n in the present study.
Ch ole docho li th iasis
Cho led ocho li thiasis  complicates the course of 
a pp ro xim ately 15% of ch olecy st ectomy patients and 3-4% 
of po st-c h o l e c y s t e c t o m y  patients (Coehlo et al. 1984). 
Common duct stones can originates in the gall-bladder 
and then pass into the commmon bile duct via the cystic 
duct or on a rare occasion develop primarily in the 
intrahepatic or extrahepatic ducts. Common duct stones 
can remain free, or can obstruct partially, completely 
or intermittently. All of our patients were jaundiced 
and this means they had either partial or complete
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obstruction. Impacted stones produced smooth and
d ownwa rd ly  concave meniscus in 19% (8/43) of our
patients with c h o l edochol it hiasis (Figure 10); this 
appear anc e has been described by others (Fleming et al. 
1972; Lang, 1974). However, the meniscus sign was also 
observed in patients with metastatic  lesions, 
ch olang i o c a r c i n o m a  and chronic pancreatitis in the 
present study. The meniscus sign, therefore, is highly 
suggestive of c h o l e d o c ho li thiasis  but it is neither 
common nor pathogn omonic for stone obstruction.
A filling defect at the lower common bile duct 
was the most common cho lan giogra ph ic abnormality in 
patients with ch oledo ch olithia si s in the present study 
(65%). However, there are many points to be considered 
in these patients before making the diagnosis of stone 
obstruction; (i) intraductal filling defects, apart 
from polypoid tumours, can be produced by free stones, 
mucus or debris, and air bubbles. Unless impacted, 
stones may move with a change in the position of the 
patient but do not change shape, whereas mucus may 
change shape (Fleming et al. 1972). Air bubbles can be 
extremely difficult to disti ngu ish from stones; they 
are usually rounded and smooth whereas stones are 
seldom pe rfe ctl y rounded and smooth (Friedman et al. 
1987), (ii) "pseudocalculous sign" is a term used to
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denote a cholan giographi c illusion that appears as a 
filling defect in the distal common bile duct when spot 
films are exposed during a contractile phase of 
cho ledochal sphincter activity (Martin et al. 1986). 
It can mimic radiograp hi cally an impacted stone in the 
distal common bile duct. Therefore, its delineation is 
critical to avoid un nec essary instrumentatio n of the 
common duct. The pse udocal cu lous sign occurs only in 
the distal end of the common bile duct, it may be 
smooth or irregular and it fills the entire lumen of 
the duct without dilating it. The lower border of a 
ps eudoc alc ulous  defect cannot be delineated and it 
us ually merges with the wall of the intramural portion 
of the common bile duct. Bile can usually pass into 
the duodenum, and the defect is not manifested by pain 
or cramp (Martin et al. 1986; Mujahed & Evans, 1972), 
and (iii) finally, the presence of stones in the common 
duct does not mean that they are the cause of the 
ob str uction in the biliary tract. Four of our 8 
patients with per ia mp ullar y carcinoma had a number of 
coincidental gall stones in the common duct (Figure 
28). This observation has been substantiated by
others, notably in patients with periampullary 
carcinoma (Lang, 1974) and hepatocel lular carcinoma 
(Lee et al. 1984).
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Benign strictures
All of our patients with benign stricture had
had previous biliary tract operations except for on'e 72 
year old man in whom the stricture was due to benign 
fibrous tissue of unknown cause as proved later at 
la parotomy and biopsy. This observation has also been
reported pre vio us ly (Fleming et al. 1972; Silvis et al. 
1976). This highlights the importance of knowing the
clinical his tory of patients in interpretation and
reporting of c h o l a n g i o g r a m s , as the cholangiographic 
features were very suggestive of malignant obstruction 
in the absence of previous history of biliary surgery 
(Figures 14&15). However, the present study included 
three patients who had had previous cholecystectomy and
despite this their stricture in the biliary tract
turned out to be ma lignant (Table 20). On the other
hand, in one patient with a traumatic stricture of the 
common duct (as proved later by no evidence of
m a l i gn an cy at laparotom y and biopsy), the
ch ola ngiogra phic features were very suggestive of
malig nan t stricture in spite of knowing that the
patient having had previous biliary surgery (Figure
16).
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Duodenal di verticula
The great majority of duodenal div erticula are 
asymptomat ic  incidental findings even in jaundiced
patients. However, they are reported as causing 
obstru cti ve jaundice due to anatomical distort ion  of 
the common bile duct, di ver ticul itis or enterolith
forma tio n (Landor & Fulkerson, 1966; McShe rry & Glenn, 
1970; Neil & Thompson, 1965; Willox & Costopoulos,
1969). These two cases in the present study (Figures
19&20) illustrate that cho la ngiog ra phic appearances
m im icking periampu ll ary tumour can be associated with
such divert icula and highlight the need for endoscopic 
biopsy in all patients thought radiolo gically to have
pe riampul lary lesions. Before such diverticula can be
considered as a cause of biliary obstruction it is
suggested that the following criteria should be
fulfilled (Hasan et al. 1988); (i) the presence of the
d iv er ticulu m should be confirmed endoscopi cal ly or 
rad iologically, (ii) the patient should have had at 
least one episode of obstructive jaundice documented
clinically, biochemical ly and radiologically, and (iii) 
no other causes of obstruction should be demonstrated. 
It is pa rticularly  important to exclude the presence of 
gallstones and an arbitary follow-up period of, say, 2 
years might be used to exclude occult neoplasia of the 
periampu ll ary area.
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The exact cause for obstructive  jaundice in 
these two patients with duodenal di verticula remains 
speculative, but both required lap arotomy because of 
g a l l - bl adder in flammation and though no gallstones were 
recovered, it is con ceivable that earlier passage of 
calculi through the papilla of Vater could cause 
inf lam mati on  and obstruction. Leese et al. (1986) have 
emp has ized the clinical and biochemical similarities 
bet wee n patients with non-ne oplasti c periampullary 
"pseu dot umour" and those with per iampul la ry neoplasm. 
Like these authors, I would recommend avoidance of 
lap ar ot omy if at all possible when endoscopic biopsy 
does not confirm neoplasia in the patients with 
p e r i a mp ullary  obstruction. The recent availability of 
endoscopic sphincter otomy may now allow the jaundice to 
resolve. If such patients do come to laparotomy, 
radical surgery must not be undertaken unless open 
biopsy and frozen section examinatio n confirms the 
presence of cancer (Hasan et al. 1988).
Scleros ing  cholangitis
Sclerosing cholangitis affects mainly the 
intr ahe patic ducts with extension into the common 
hepatic and common bile duct in some patients. Its 
di st in cti ve radiographic appearance on cholangiography
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consists of ductal stiffening and irr egularity with 
multipl e sites of beading and stenosis with a 
p re di lectio n for the bifurca tions (Chen & Goldberg, 
1984). In the present study, two patients had 
sclerosing cholangitis proved at laparotomy and biopsy. 
The chola ngio graphic  appearance of the first patient 
was inconclusive (Figure 17) in that it was impossible 
to rule out the pos sibi li ty of sclerosing 
c h o l a n g io ca rcinom a as the cause of obstruction. In the 
second case, the cholangio gr aphic features were very 
suggestive of c h o l a n g i ocar ci noma (Figure 18). 
Furthermore, sclerosing cho lang io carcino ma  may be 
difficult to exclude even after negative histology and 
cytology. However, diffuse stricturing favours
sclerosing cholangitis, as do band-like strictures and 
d iv er ticula  or pseudod iv erticul a in the extrahepatic 
ducts (MacCarty et a l . 1983). Marked dilatation
proximal to a stricture is quite uncommon with 
sclerosing cholangitis and if present should suggest a 
di ffe rent aetiology. A "pruned tree" con fig uration of 
the intrahepatic ducts favours sclerosing cholangitis 
(Teplick, 1981). Finally, because of the
cholangio gr aphic and histological dificulties in 
differe n t i a t a t i n g  cholangitis from cholangiocarcinoma, 
one must conclude that carcinoma can be ruled out in 
these cases only by long term follow-up.
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C h o l a n g i o c a r c i n o m a
PTC and ERCP are still the best diagnostic 
meth ods  available for detec ting bile duct neoplasms. 
From a diagnostic stand point; it is important to know 
whether or not previous biliary surgery has been 
performed (Clemett, 1983), so that one can exclude the 
p o s s iblit y of traumatic stricture (Figure 15). PTC has
the advantage over ERCP of being able to delineate the
int rah epat ic  duct anatomy in cases of complete
o b s t ru ct ion in or around the porta hepatis as for 
example in case of Klat skin tumour (which is an 
irregular stricture at the bifu rc ation with prestenotic 
dilatation; one or both of the left and right hepatic
ducts may be affected in addition to the proximal
common hepatic duct). Other entities that may produce 
a similar chola ngiog raphic appearances to the Klatskin 
type tumour are metast atic lesions (Figure 29),
lymphomas and hepatocellular carcinoma (Friedman et al. 
1987; Ligoury & Canard, 1983).
Bile duct carcinoma has been classified
ch ola n g i o g r a p h i c a l l y  as either obstructive, stenotic or 
p ro tu berant (Ligoury & Canard, 1983). The obstructive 
type is the most frequent, occuring in about 70% (11 of 
the 18 patients or 61% in the present study) of cases
214
and appearing as a U-shaped, V-shaped, rat-tail
stricture which can be smooth or irregular. In the 
present study (Figures 21-24), a V — shaped appearance 
was the most frequent (36%; 4/11), and more common than 
an irregular cut-off te rmi nation (27%; 3/11),
s hou ldering  (18%; 2/11), U-shaped (one patient) or
d aw n w a r d l y  concave menisus appearanc e (one patient). 
The stenotic type is depicted as strictured rigid lumen 
with irregular margins and pr estenotic  dilatation, and 
was observed in 39% (7/18) of the patients in the 
present study. The length of the stenosis may be long 
or short and ranged from 5 to 60mm in the present 
study. The stricture was single and involved the 
hepatic duct in three patients (Figure 25), and there 
were widespread strictures and dilatations in 4 
patients (Figure 26) which caused difficulty in 
d i f f e r e n t i a t i o n  from sclerosing cholangitis (Figure
17). The clue to the correct diagnosis is an absence 
of divert icula in the extrahepati c ducts (Chen & 
Goldberg, 1984) and a lack of prominent dilatation of 
the biliary ducts (Teplick, 1981). The protuberant
type appears as an intraluminal filling defect usually 
with irregular margins attached at one point to the 
wall. The duct is often widened in the region of the 
mass (Ligoury & Canard, 1983). This type was not 
observed in the present study.
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Me t a s t a t i c  lesions
Me ta stases to the liver from carcinoma 
elsewhere produced non -spec if ic dilatat ion  and 
stretching of the intrahep atic and extrahepatic ducts 
in two of the patients in the present study (Figure 29) 
and the appeara nce was very difficult to be 
di f f e re ntiate from ch olangi oc arcinom a (see
cholangiocar ci noma). In another two patients, complete 
and near- co mp lete stenosis of the lower common bile 
duct with severe dil atati on  of the proximal biliary 
tract gave a c h o la ngiogra ph ic appearance (Figure 29) 
suggestive of pancrea tic carcinoma (see Chapter 4). In 
the fifth patient with metast atic obstruction, a 
typical downward ly concave meniscus appearance at the 
common bile duct was ch aracteristi c of stone 
obstruc ti on in other words the PTC was misleading. 
Therefore, direct c h olangi og raphy may allow one to 
suspect the presence of metastatic lesions but 
ul tr asound and CT scan are better method of diagnosis. 
It is also found that US is superior to ERCP for 
diagnosis of focal hepatic disease and cholelithiasis 
(Frederic et al. 1983).
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Carci nom a of the gall-bladder
L a n g , ( 1 974 ) has reported medial dispacement of
the common duct by what appeared to be an extrinsic
mass in all of his four patients with carcinoma of the 
gall-bladder. He found fun nel-shaped att enuation of 
the (xommon duct located close to the porta hepatis and
the origin of the cystic duct in two of his patients, 
while the other two showed nea r-c omplete obstruction of 
the common duct by m u l t in odular  masses at the level of 
the porta hepatis. The ch olang io graphic  appearance in 
the only case of car cinoma of the gall-bladder in the 
present study was therefore very suggestive of the 
correct diagnosis (Figure 31).
P er ia mpulla ry  carcinoma
Classically, pe ria m p u l l a r y  carcinoma is often 
an irregular polypoid intraductal mass partially 
obstructing the very distal common bile duct (Freidman
et al. 1987). This appearance was not observed in any 
of our 8 bio psy -proven patients. However,
peria m p u l l a r y  carcinoma can present as an irregularly 
tapered stricture or as a squared off flattened 
termination. Local expansion of the duct at the level 
of the mass when present is a very helpful feature 
favouring carcinoma over stone obstruction (Ferrucci et 
al. 1983).
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In one study (Lang, 1974) carcinoma of the 
am pulla of Vater  was co rr ect ely suggested on the basis 
of PTC in 6 of 9 biopsy-p ro ven patients, with three 
false-ne ga tive diagnoses (inflamma tory stenosis or 
oedema of the papilla) and one false-positive diagnosis 
(proven s u b s e que nt ly to be inflamma tory stenosis).
These results are comparable with that of the present 
study in that per ia m p u l l a r y  carcinoma was diagnosed on
the basis of direct c h o l a n gio gr aphy in 6 of the 8
patients, wit h 2 fal se -negati ve  diagnoses (chronic 
pan cre atit is  and cho led ocholit hi asis) and 4
fal se- po sitive  diagnoses (2 cases of duodenal
d ivert ic ul a and 2 choled ocholithi asis). Therefore,
ERCP may be a better diag nostic tool than PTC in the 
diagno sis  of pe ri a m p u l l a r y  carcinoma and carries the 
advantage of visual inspection and biopsy.
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Chapter 4
CH OL AN GIO GRAPHY: A COMP ARATIVE STUDY OF CHRONIC
PA N C R EA TI TIS AND PANCREATIC CAR CINOMA (STUDY III)
AIM  OF THE STUDY
Di f f e r e n t i a t i o n  of pancreatic carcinoma from 
chronic pan creat it is remains dif ficult in some patients 
even at lap arot om y and when wedge- resect io n biopsies 
are submitted for f r ozen-s ec tion evaluation. The fact 
that pancreatic carcinoma and chronic pancreatitis can
coexist makes eval uatio n even more difficult (Reuben et 
al. 1978). Attemp ts to aid differ entiation  between 
chronic pan crea ti tis and pancreatic carcinoma
p r e o p e r a t i v e 1 y have centered on the radiological 
ap pea rances of the pancreatic duct and pancreatic
fu nct ion tests such as measu rem ent of Lactoferrin
(Fedail et al. 1978; Frick et al. 1982; Multigner et
al. 1980; Ro hra man n et al. 1976). Although many 
studies have provided a detailed description and 
c l assi fi ca tion of cholangiograph ic features in both 
chronic pancreatitis and pancreatic carcinoma (Caroli &
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Nora, 1952; Freeny & Lawson, 1982; G u i e n , 1979;
Pet roz za & Dutta, 1985), a specific study of the 
c h o langiog ra phic d i f f e r e n t i a t i o n  between chronic 
pancreat it is and pancrea tic carcinoma with sufficient 
number of patients has not been reported (Kruse et al. 
1978; Rohra ma nn et al. 1974). Therefore, the aim of 
the present study was to assess any points of
diff erenc e between chronic pancreatitis with 
ab nor mali ti es of the biliary tract and pancreatic 
c ar cinoma in term of their cholan giographi c features 
and associated liver function abnormalities.
PATIENTS AND METHODS
All the patient with final diagnosis of chronic 
pa ncreatiti s or pancreatic carcinoma in their discharge 
report from the Univ ersit y Department of Surgery
Gl asgow Royal In firmary between the 1st of January 1981 
and the 31st Decemb er 1987, regardless of whether the
patient was jau ndiced or not, were identified by
personal search of the Unit's discharge summary cards.
Fou rty -sev en  patients with chronic pancreatitis and 53 
patients with pancreatic carcinoma had percutaneous 
transhe pat ic cholang iography (PTC) or endoscopic 
retrograde ch olangi o p a n c r e a t o g r a p h y  (ERCP) available 
for review at Radiology Department. The cholangiograras
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and case notes of these patients were reviewed and
re- ev al uated to obtain the data shown in Appendix 5
when possible.
Ra diolo gy
The ch olangio gr aphic abnormalities were 
cat ego rised ac cor ding to Caroli's classification 
(Caroli & Nora, 1952; Sarles et al. 1958). When the
bile duct a b n o rm al ity did not fit any type of Caroli's 
c l a s s i ficatio n (see Figure 2, chapter 1), the 
a b n o rm al ity was regarded as unclassified. The length 
of the stenosed part of the common bile duct was
measured from the point when it started to narrow from 
its normal diameter to the end of the stenosis. In 
cases with severe or complete stenosis of the common 
bile duct and no o pacific at ion of the duodenum, the 
length of the stenosis was impossible to measure. The 
m a x imum diameter of the right or left hepatic duct
following its first intrahepatic division (first 
gene ra tion of the intrahep ati c ducts) was measured to 
the nearest millimetre. The ducts which measured 4mm 
or less regarded as normal (Hamilton et al. 1982). The 
gallbladder was considered normal when its transverse
diameter was between 25 and 40mm; figures less than 
25mm were regarded as shrunken and those above 40mm as 
d i s t e n d e d •
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Biochem is try
The values for total serum bilirubin, serum 
alkaline phosphatas e concentration, serum albumin, 
serum amylase, serum creatine, serum aspartate 
transaminase (AST), and serum alanine transaminase 
(ALT) of these patients were obtained from the case 
notes. The results of tests performed on the same day
as chola ng i o g r a p h y  were taken where possible or the 
closest test to the procedure was taken within the 
prec edi ng seven days. Biochemical tests performed 
after ch ol an g i o g r a p h y  were not taken in the basis that 
PTC and ERCP may affect their values. The normal value 
in our lab orat or y for the total serum bilirubin is 3-22 
jumol/1, serum alkaline pho sphatase concentration 80-280 
IU/1, serum albumin 35-55 g/1, serum amylase 70-300
IU/1, serum creatinine 40-130 jiimol/1, AST 12-48 IU/1
and ALT 3-55 IU/1.
C l i n i c a l / b i o c h e m i c a l / r a d i o l o g i c a l  correlation
The types of cholan giographi c abnormality found 
in re-ev al uation of the cholangio grams of patients with 
chronic pancreatitis  and pancreatic carcinoma were then 
compared for their relation with the age and sex of 
patient, presence of plain film pancreatic
calcifications, size of the gall-bladder, maximum
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di am eter s of the intra- and extra-hepatic  ducts, and 
laborat or y data.
Compari son
The patients with chronic pancreatitis and 
p an cr eatic carcinoma were compared for; (i) the 
incidence of the bile duct abnor ma lity associated with 
the disease, (ii) types of cholangiographic 
abnormalities, (iii) the maximum diameters of the 
intrahepat ic  ducts, proximal common duct and the 
gall-blad der, (iv) presence or absence of plain film 
pancreatic  calcif ications,  and (v) the values of serum 
bilirubin, serum alkaline phosphatase, serum amylase, 
serum albumin, serum creatinine, AST and ALT.
Statistics
An "Apple lie" personal computer was used to 
create personal filing system and to perform all 
statistical analysis including Chi-square test,
Fisher's exact probab il ity test, and paired and 
unpaired Student's T-test as appropriate. The
d iff erences  between groups were considered
sta tisti ca ll y significant when the probability of their 
arising by random sampling error was less than 1 in 20 
(P<0.05). The definitions of the statistical terms 
used in the chapter are listed in Appendix 3.
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RESULTS
A total of 100 patients were included in the 
study, they comprised 61 men and 39 women and they had 
a mean age of 57 years (range: 21-92). Table 22 shows 
that the diagnosis of the pancreatic carcinoma was 
based on p a n c r e a to graphic  and ultrasonog ra phic findings 
in three patients who were considered too ill for any 
intervention. All patients with chronic pancreatitis 
had had clinical features of the disease but only 11 of 
them were jaundiced; 3 7 patients of these patients had 
undergone surgery but only 22 patients had biopsy. 
Therefore, chronic pancr eatit is was diagnosed on the 
p a n c r e atograp hi c findings in eight cases, surgical 
findings in addition to pa nereatog raphic features in 
fifteen cases, and plain film pancreatic calcification 
in a further two cases.
All the 53 patients with, pancreatic carcinoma 
had PTC apart from seven cases who had ERCP. Of the 47 
patients with chronic pancreatitis, forty patients had 
ERCP and seven had PTC. All the cho langiographic films 
reviewed were tec hnically satisfactory. The plain film 
which accom panied these cholangiograms showed
pancreatic calcifications in 15 (32%) of the 47
patients with chronic pancreatitis, but none of the
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Table 22 The clinical, biochemical and radiological 
data of 100 patients with chronic pancreatitis or 
pa ncreatic  carcinoma.
Carcinoma Pancreati tis
(no = 53) (no = 47)
Mean age (range) 68 (32-92) 46 (21-72)
Sex (m/f) 29/24 32/15
Diag nos is based on
biopsy 48 22
autopsy 2 0
laparo tomy 0 15
other means 3 (ERCP & US) 10 (8 ERCP & 2 
calcifications
Cho lan gi ograms
PTC/ERCP 46/7 7/40
N o r m a l /A bn ormal 0/53 17/30
Pa ncreatic
cal cif icat io n 0 15
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pa tie nts with pan creatic carcinoma (or the combination 
of cancer with chronic pancreatitis) showed 
calcifi cat ions.
Chronic pa ncreatitis
Thirty of the 47 chronic pancreatitis patients 
(64%) were considered to have stenosis of the lower 
common bile duct. These included 20 (67%) type I,
three (10%) type III, three (10%) type IV, and there
was one case each of type II and type V stricture. Two 
patients (7%) had un cl ass ified cholangiographic
abnormalities which proved to be the result of the 
presence of common duct stones in addition to 20mm 
strictures at the lower end of common bile duct (proved 
at laparo tomy and biopsy to be due to chronic 
pancreatitis in that no evidence of malignancy). None
of them were jaundiced  and both had normal liver 
function tests.
Type I stricture
A diffuse longitudinal and smooth stricture of 
the intrapacr eatic and retro pancreatic portion of the 
common bile duct, measured 41 4- 16mm (mean & SD) and 
assuming many shapes, was the most frequent finding 
(Figure 32). The mean of the maximum diameters of the 
int rahepatic and ext rahepatic ducts associated with
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F i g u r e  32 C h r o n i c  p a n c r e a t i t i s .  PTC shows type I
c o m m o n  bile duct s t e n o s i s  w i t h  d i l a t a t i o n  of the 
p r o x i m a l  d u c t s  and p a n c r e a t i c  c a l c i f i c a t i o n .  The 
a p p e a r a n c e s  are p a t h o g n o m o n i c  of chronic
p a n c r e a t i  ti s .
this type of cholang io gr aphic abnormality was 7mm 
(range: 4-13) and 18mm (range: 7— 46), respectively.
The g a l l - bladder  was opacified in 11 patients; it was
considered normal in 6 patients and distended in 5
patients. All opacified gall -bl adder s were free from
gall s tone s .
Type II stricture
The cho iangiog ra m (Figure 33) showed mild 
di l a t a t i o n  of the entire biliary tract as far as the
sphincter of Oddi (The ma ximum diameters of the
intra hep atic and ex trahepatic  ducts were 6mm and 12mm,
r e s p e c t i v e l y ) .
Type III stricture
All type III strictures showed single annular
stricture in the mid common bile duct at the upper
border of the pancreas (Figure 34); the length of the
str ictures were 10, 2 0 & 50mm. The mean of the maximum
dia meters of the intrahepatic and extrahepatic ducts
associated with this type of cholangiographic
a bn or mal ity were 5mm and 16mm respectively, while the
inferior portion of common bile duct and papilla were
normal. The gal l-bladder was normal in two patients 
and was not opacified in one patient.
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F i g u r e  33 C h r o n i c  p a n c r e a t i t i s .  ERCP shows mild 
d i l a t a t i o n  of the e n t i r e  b i l i a r y  tract as far as 
s p h i n c t e r  of Oddi (Type II s t r i c t u r e  of Caroli). 
P a n c r e a t i c  duct shows sev e r e  d e g r e e  of e c t a s i a  and 
m a r g i n a l  i r r e g u l a r i t y  in the tail and body. Mild 
d i l a t a t i o n  of the m a i n  p a n c r e a t i c  duct at the head 
and neck.
F i g u r e  34 C h r o n i c  p a n c r e a t i t i s .  ERCP shows
h o u r g l a s s  s t e n o s i s  of the mid c o m m o n  bile duct and
slig h t  d i l a t a t i o n  of the b i l i a r y  ducts p r o x i m a l  to 
the s t r i c t u r e  (Type III s t r i c t u r e  of Caroli).
P a n c r e a t i c  duct shows s e v e r e  d e g r e e  of d i l a t a t i o n ,
s t r i c t u r i n g  and ectasia.
Type IV stricture
The cholangiograms of two patients showed
lateral and medial compressions of the lower portion of 
the common bile duct with a large radius in one
(Figures 35&36). There was proximal dilatation of both 
in tah epatic and extrahepatic ducts (Table 23); the 
gall - b l a d d e r  was normal in one and not opacified in
another. One of these two patients was jaundiced. The
cholan g i o g r a m  of the third patient (Figure 37) showed
that the lower portion of the common bile duct had
failed to distend at ERCP and appeared slightly 
irregular and compressed from outside, with 
cons ide rable dila tation of the intrahepatic ducts
(9mm), proximal common duct (24mm) and the gall-bladder 
(51mm). The chol an giogr aphic picture was type IV c ,
which is said to be peculiar to pancreatic carcinoma 
(Sarles & Sahel, 1978). At laparotomy, a large mass 
was seen in the head of the pancreas; beacuse of the 
d i f f ic ul ty in diff erentiati ng between chronic 
pa ncreatiti s and pancreatic carcinoma, the patient had 
a ch ol ec y s t o j e j u n o s t o m y  and g a s t r o e n t r o s t o m y . Tru-Cut 
biopsies of the head of the pancreas showed evidence of 
chronic pancreat itis only and no malignant disease.
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F i g u r e  35 C h r o n i c  p a n c r e a t i t i s .  ERCP show lateral 
d i s p l a c e m e n t  of the c o m m o n  bile duct w i t h  slight 
p r o x i m a l  d i l a t a t i o n  (Type IVa s t r i c t u r e  of Caroli). 
P a n c r e a t i c  duct was not o p a c i f i e d .
F i g u r e  36 C h r o n i c  p a n c r e a t i t i s .  ERCP shows medial 
d i s p l a c e m e n t  of the c o m m o n  bile duct ( Knee-bent  
a p p e a r a n c e )  w i t h  slight d i l a t a t i o n  of the pro x i m a l 
d uc t s  (Type IVb s t r i c t u r e  of Caroli). Only short 
s e g m e n t  of the p a n c e a t i c  dut was opacif i e d .
Table 23 The radiological and biochemical data in 30 chronic 
pancreatitis patients with abnormal cholangiograms and 53 
pancreatic carcinoma patients with similar cholangiographic 
abnormalities (Caroli classification).
Caroli classification of cholangiograms
I II III IV V Un.
1- Frequency of the types of cholangiographic abnormalities
carcinoma: 17% 7% 4% 0% 66% 6%
pancreati ti s : 67% , 3% 10% 10% 3% 7%
2- Maximum diameter of the intrahepatic ducts (mean)
carcinoma: 8mm 10mm 9mm --- 1 0mm 12mm
pancrea ti tis: 7 mm 6mm 5mm 7mm NA 6mm
3- Maximum proximal common duct diameter (mean)
carcinoma: 2 5mm 2 7 mm 17 mm --- 2 6mm 2 3 mm
pancreatitis: 1 8rom 12mm 16mm 18mm 12mm 14mm
4- Total serum bilirubin pmol/1 (mean)
carcinoma: 278 268 353 --- 266 336
pancreatitis: 61 6 131 30 23 15
5- Serum alkaline phosphatase concentration IU/1 (mean)
carcinoma: 1669 1203 1303 --- 1315 1791
pancrea ti tis: 715 350 788 420 580 192
6- Serum aspartate transaminase concentration IU/1 (mean )
carcinoma: 137 160 185 --- 125 81
pancreatitis: 47 29 43 32 32 37
7- Serum alanine transaminase concentration IU/1 (mean)
carcinoma: 210 133 309 --- 176 145
pancreatitis : 42 32 53 43 22 25
Un, unclassified; N A , not available.
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F i g u r e  37 C h r o n i c  p a n c r e a t i t i s .  ERCP shows
s t r a i g h t e n i n g  and slight e x t r i n s i c  c o m p r e s s i o n  of 
the w all of the comm o n  bile duct (Type IVc s t r i c t u r e  
of Car o l i ) .  Mild d i l a t a t i o n  of the m a i n  p a n c r e a t i c  
duct in the head and body.
Type V stricture
ERCP of a 59-year old man showed very tight 
stricture at the pancreatic duct and lower common bile 
duct with severe di la tatio n of both pancreatic and 
bilary system (Figue 38); diagnosis of chronic
pancreatitis was established at laparotomy in that 
biopsy showed chronic inflammation with no signs of
malignancy.
The incidence of the abnormalities of the
biliary tract associated with chronic pancreatitis had 
no relation with the age or sex of patient, or the 
presence or absence of the pancreatic duct
calcification. Furthermore, Table 23 shows that there 
were no signific ant statistical differences between 
different cholang io gr aphic abnormalities associated 
with chronic pan creatitis regarding the maximum
diameters of the intrahepatic and extrahepatic ducts, 
or the mean values of the liver function tests
(unpaired T-test). On the other hand, there were
significant differences between chronic pancreatitis
patients with normal and abnormal cholangiograms (Table
24) regarding the mean values of the total serum
bilirubin level (P<0.02), serum alkaline phosphatase
co nc ent rat ion (P<0.001), AST (P<0.001), and ALT
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F i g u r e  38 C h r o n i c  p a n c r e a t i t i s .  ERCP shows v ery 
tight s t e n o s i s  of both m a i n  p a n c r e a t i c  duct and 
lower c o m m o n  bile duct ( d o u b l e - d u c t  sign), w i t h  
s ev e r e  d i l a t a t i o n  of b oth ducts p r o x i m a l l y  (Type V 
s t r i c t u r e  of caroli).
Table 24 Comparison of radiological and biochemical criteria in 
47 chronic pancreatitis patients with normal and abnormal 
cholangiograms.
Cholangiograms
(
normal 
no = 17)
abnormal 
(no = 30)
P-value DF
Age (mean & SD) 46 + 11 49 + 11 NS
Sex (m/f) 11/6 21/9 NS
Maximum diameter (mean & SD) „
Intrahepatic ducts (mm) 3 ±  1 7 + 3 <0.001 41
Proximal common duct (mm) 8 + 2 16 + 8 <0.001 46
Gall-bladder
visualized 12 16
not visualized 5 14
contain stone 0 0
normal size 10 9
distended 2 7
diameter (mean & range) 3 5mm(22-4 5) 41mm (25- 58) NS 27
Biochemistry (mean & SE)
serum bilirubin pmol/1 12 + 3 65 + 21 <0.02 43
alkaline phospatase IU/1 228 + 23 1650 + 107 <0.001 43
aspartate transaminase IU/1 2 1 + 3 42 + 6 <0.001 42
alanine transaminase IU/1 26 + 3 44 + 5 <0.01 42
serum amylase IU/1 913 + 346 316 + 64 <0.1 42
serum creatinine jimol/1 78 73 NS 41
serum albumin g/1 39 35 NS 42
N S , not significant.
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(P<0.01); and the maximum diameters of the intrahepatic 
and ext rahepatic  ducts (P<0.001). However, as shown in 
Figure 39, normal liver function does not exclude 
radiological involvement of the biliary tree by the
inflamatory process. Since only 23% (7/30) of the
chronic pan creatitis patients who had abnormal 
cholangiograms had a serum bilirubin greater than 50
jumol/1, 70% (21/30) had an elevated serum alkaline
phosphatase c o ncentra ti on over 300 IU/1, and 31% (9/29) 
had AST and 24% (7/29) had ALT over the normal values. 
Thirty percent (9/30) of the patients with chronic 
pancrea tit is and abnormal cholangiograms had all liver 
function tests normal. On the other hand, 91% (21/23) 
of the chronic pancreatitis patients with elevated
serum alkaline phosphatase concentration (over 300
IU/1) had abnormal cholangiograms in comparison to the 
figure of 41% (9/22) for patients with normal alkaline 
ph osp hatase concentrations  (Figure 39). All chronic 
pa ncreatitis patients having combination of serum 
bili rub in level (>50 jumol/1) and elevated alanine
transaminase (>55 IU/1) or serum alkaline phosphatase
co ncentrat ion (>300 IU/1) had some abnormality of the
biliary tract.
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Figure 39 Diagram showing the value of the total 
serum bilirubin, serum alkaline phosphatase
concentration, serum aspartate transaminase and 
serum alanine transaminase levels in 47 chronic 
pancreatitis patients with normal or abnormal 
c h o l a n g i o g r a m s .
Pancreatic carcinoma
°f the 53 patients with pancreatic 
carcinoma had some form of cho langiographic
abnormality; this included 66% (35/53) type V, 17%
(9/53) type I, 7% (4/53) type II, and 4% (2/53) type 
III stricture. Three female patients (6%) aged 60, 70
& 80 years had unclassified cholangiographic
abnor mal ities because they had biopsy proven metastatic 
lesions in the porta hepatis and/or liver parenchyma 
(Figure 4 0 & 4 1 ).
Type I stricture
The cho langiograms showed longitudinal
strictures at the lower common bile duct which measured 
54 __+ 10mm (mean & SD). The strictures assumed many
shapes, and were irregular in 6 patients (Figure 42)
and smooth in three. The mean of the maximum diameters 
of the intrahepatic and extrahepatic ducts associated 
with this type of cholangiogra phic abnormality were 8mm 
(range: 6-10) and 25mm (range: 18-37), respectively.
The ga ll- bla dder was opacified in 8 patients; it was 
considered distended (the mean of the maximum 
transverse diameter was 56mm) in 88% (7/8) patients and 
contained a stone in one patient.
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F i g u r e  40 P a n c r e a t i c  c a r c i n o m a  w i t h  m e t a s t a s e s .  
PTC shows m u l t i p l e  tight s t r i c t u r e s  i n v o l v i n g  both 
i n t r a h e p a t i c  and e x t r a h e p a t i c  ducts ( u n c l a s s i f i e d  
c h o l a n g i o g r a p h i c  a b n o r m a l i t y ) .
F i g u r e  41 P a n c r e a t i c  car c i n o m a .  PTC shows c o m p l e t e  
o b s t r u c t i o n  of the c o m m o n  h e p a t i c  duct w i t h  severe 
d i l a t a t i o n  of the p r o x i m a l  ducts ( u n c l a s s i f i e d  
c h o l a n g i o g r a p h i c  a b n o r m a l i t y ) .
F i g u r e  42 P a n c r e a t i c  carcin o m a .  PTC shows
i r r e g u l a r  tight s t r i c t u r e  of the lower common bile 
duct w i t h  m o d e r a t e  d i l a t a t i o n  of the p r o ximal ducts 
and the g a l l - b l a d d e r  (Type I s t r i c t u r e  of Caroli).
Type II stricture
The cholangio gra ms showed dilatation of the 
entire biliary tree, including the gal l-bladder in two 
patients who had their gall-bladder opacified, as far 
as the sphincter of Oddi (Figure 43). The mean of the 
ma ximum  diameters of the intrahepatic and extrahepatic 
ducts associated with this type of cho langiographic 
a bno rmality  were 10mm (range: 6— 12) and 25mm (range:
16-35), respectively.
Type IV stricture
Two patients had their cholangiograms showed a 
single annular and short (l-2mm) stricture in the mid 
common bile duct (Figure 44). The maximum diameters of 
the intrahepatic and extrahepatic ducts above these 
strictures were 9mm and 17mm respectively, while the 
inferior portion of the common bile duct and papilla 
were normal. The gall-bladder was of normal size and 
contained a gall stone in one patient, but was not 
opacified in the second patient.
Type V stricture
Thirty-five patients had type V cholangio- 
graphic abnormality, which is characteristic finding in 
pancreatic carcinoma. The cholangiograms showed
complete obstruction of the lower portion of the common
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F i g u r e  43 P a n c r e a t i c  car c i n o m a .  PTC shows
d i l a t a t i o n  of the entire b i l i a r y  system as far as
the s p h i n c t e r  of Oddi (Type II s t r i c t u r e  of
C a roli). A large f i l l i n g  d e f e c t  in the common
h e p a t i c  duct m ost p r o b a b l y  is a ca l c u l o u s .
Fi g u r e  44 P a n c r e a t i c  c a r c i n o m a .  PTC shows a short 
a n n u l a r  c o n s t r i c t i o n  at the mid p o r t i o n  of the 
c o m m o n  bile d uct wit h  slight d i l a t a t i o n  of the 
p r o x i m a l  duc t s  and normal c o m m o n  bile duct b e l o w  the 
s t r i c t u r e  (Type III s t r i c t u r e  of Caroli).
bile duct at PTC or very tight stenosis, ranged between 
13 to 50mm in length, opacified from below at ERCP 
(Figure 45). The mean of the maxi mum  diameters of the 
int rahepatic and extrahepat ic ducts proximal to the
ob st ruct io n were 10mm (range: 6-20) and 26mm (range:
13— 50), respectively. The mean of the transverse 
diameter of the 27 visualized gall-bladders was 55mm
(range: 42-90). The gal l-bladder was cons idered
distended in 85% (23/27) patients, shrunken in one
patient and normal size (mean=37mm) in three patients; 
and it contained stones in three patients but all had
distended gall-bladder.
All the patients with pancreatic carcinoma
(except for two) were jaundiced and had an elevated
serum alkaline phosphatase (>300 IU/1), total serum 
bilirubin (>50 (Umol/1) , and AST and ALT over their 
normal values. The mean values ( __+ SE) of the
biochemical tests were total serum bilirubin 276 _+ 21
pmol/l, serum alkaline phosphatase concentration 1400 _+ 
195 IU/1, AST 129 + 11 IU/1, ALT 168 + 20 IU/1 , serum
albumin 34 + 2 g/1, serum amylase 286 _+ 60 IU/1 and
serum creatinine 83 __+ 6 pmol/l. However, Table 23
shows that there was also no statistically significant 
difference between different cholangiographic
abnormalities associated with pancreatic carcinoma with
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F i g u r e  45 P a n c r e a t i c  car c i n o m a .  PTC shows complete 
o b s t r u c t i o n  of the c o m m o n  bile duct at its mid 
p o r t i o n  w i t h  d i l a t a t i o n  of the p r o x i m a l  ducts and 
the g a l l - b l a d d e r  (Type V s t r i c t u r e  of Caroli).
regard to the maximum diameters of the intrahepatic and 
extra hep atic ducts, or the mean values of the liver 
function tests (unpaired T-test).
On his topatho lo gical exa mination of the 
pancreas, six patients had both pancreatic cancer and 
chronic pan creatitis diagnosed (Figure 46). The 
details of these patients are shown in Table 25. 
However, first biopsy of the pancreas of these patients 
showed evidence of chronic pancreatitis; only at 
subsequent laparotomies and biopsies or autopsy (in one 
case) was pancreatic carcinoma diagnosed.
Compar i son
Table 26 demonstrates the points of difference 
between pancreatic carcinoma and chronic pancreatitis 
patients with cholangiographic abnormalities. Patients 
with chronic pancreatitis were younger (P<0.001); they 
had significantly lower levels of the total serum 
bilirubin (PC0.001), serum alkaline phosphatase
co ncentration (P<0.001), AST (P<0.001) and ALT 
(P<0.01). The cholangiograms of patients with
pancreatic carcinoma showed significantly greater
maximum diameters of the intrahepatic ducts (PCO.OOl), 
proximal common duct (P^0.05) and the gall- bladder
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F i g u r e  46 P a n c r e a t i c  c a r c i n o m a  and c hronic  
p a n c r e a t i t i s .  PTC shows long, i r r e g u l a r  and tight 
s t r i c t u r e  i n v o l v i n g  the mid and lower parts of the 
c o m m o n  bile duct w i t h  m o d e r a t e  d i l a t a t i o n  of the 
p r o x i m a l  ducts and severe d i l a t a t i o n  of the 
g a l l - b l a d d e r .
Table 25 Details of the 6 patients who had both pancreatic 
carcinoma and chronic pancreatitis on the histopathological 
examination of the pancreas.
Pa tients
CT DE EH JS MG TM
All
cases
Sex m m f m f m 4m/2f
Age in years 66 57 69 32 60 54 56
Maximum diameter (mm) a
Intrahepatic ducts 8 9 8 7 NA 10 8
Common hepatic duct 1 7 20 20 17 37 21 22
Common bile duct 24 20 25 20 37 21 25
Gall-bladder — 55 50 44 60 70 56
Cho1angiographic abnormalities
Type (Caroli): I I I V I I ------
Stenosis length (mm) 70 50 45 60 NA 55 56
Total serum 
bilirubin (pmol/1) 260 115 357 170 440 160 250
Serum alkaline 
phosphatase (IU/1) 600 1 610 2133 610 3500 1460 1652
Aspartate
transaminase (IU/1) 141 66 250 44 1 99 181 147
Alanine
transaminase (IU/1) 260 156 354 48 147 510 246
NA, not available.
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Table 26 The differentiation points observed between 30 chronic 
pancreatitis patients having abnormalities of the biliary tract 
and 53 patients with pancreatic carcinoma.
Carcinoma 
(no = 53)
Pancreatitis 
(no = 30) P-value DF '
Age (mean & SD) 68 + 12 A 9 + 11 0. 001 81
Pancreatic calcifications 0 A 3 % (13/30)
Caroli classification
Type I
no. cases 9 20 -
shape: \ 6 irregular 20 smooth
3 smooth
stenosis length (mm) 5A + 1 OSD A 1 + 16 SD <0.01 28
Type II A 1
Type III 2 3
Type IV 0 3
Type V 35 1
Unclassified 3 2
Maximum diameter (mean & SD) i
Intrahepatic ducts 10 + 3mm 7 + 3mm <0.001 73
Proximal common duct 2 5 + 8mm 16 + 8mm <0.05 80
Gall-bladder
'
visualized 37 16
diameter (mm) 55 + 12 SD A1 + 10 SD <0.001 A1
containstones 7 cases 0
distended 32 (86%) 7 (AA%)
Biochemistry (mean & SE)
Serum bilirubin j.imol/1 276 + 21 65 + 21 <0.001 78
Alkaline phosphatase IU/1 1 A 00 + 105 650 + 107 <0.001 78
Aspartate transaminase IU/1 129 + 11 A A + 5 <0.001 77
Alanine transaminase IU/1 168 + 20 A2 + 6 <0.001 77
Serum amylase IU/1 286 + 60 316 + 6A NS 60
Serum albumin g/1 3A + 2 35 + 3 NS 70
Serum creatinine pmol/1 83 + 6 73 + 6 NS 65
DF, degrees of freedom; NS, not significant.
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(P<0.001). On the other hand, it is shown in Figure 47 
that there is a large degree of overlap between chronic 
pancreatitis and pancreatic carcinoma patients with 
regard to the maximum diameters of the intra- and 
extra-hepatic ducts. Finally, the biochemical
differences in groups of patients with identical
cholangiographic abnormalities are shown in Table 23.
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Figure 4 7 Diagram showing distribution of the
maximum diameters of the intrahepatic (IHD) and
extrahepatic (EHD) ducts measured to the nearest 
millimetre proximal to the ob st r u c t i o n /stenosis 
caused by pancreatic carcinoma and chronic 
pancreatitis.
DI SCUSSION
Chronic pancreatitis
A higher incidence of the abnormalities of the 
lower common bile duct in patients with chronic
pancreatitis has been observed in this study in 
comparisom with previous reports (Table 27). The 
incidence of common bile duct stenosis in our 47
chronic pancreatitis patients was almost identical to
the figure 63% reported by Sarles et al. (1965) in a 
series of 100 patients with chronic calcifying 
pancreatitis. Our patients must have had chronic
pancreatitis of sufficient severity to warrant direct 
cholangi ogr aphy and this may explain the high incidence 
of bile duct abnormality. Since bile duct
abnormalities are found more commonly on ERCP in severe 
chronic pancreatitis (69%) than in mild cases (28%; 
Guien, 1979) this may also account for the different 
incidence reported in previous series (Table 27). 
However, the present study demonstrates that the 
frequency of the Caroli types of cholangiographic 
abnormalities associated with chronic pancreatitis are 
comparable with those of previous reports. Type I and 
type III strictures (Figures 32&34) were seen in 67% 
and 10% of the abnormal cholangiograms respectively; 
figures which are comparable with 40-66% for type I and
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Figure 47 Diagram showing distribution of the 
maximum diameters of the intrahepatic (IHD) and 
extrahepatic (EHD) ducts measured to the nearest 
millimetre proximal to the obstruetion/stenosis 
caused by pancreatic carcinoma and chronic 
p a n c r e a t i t i s .
DISCUSS ION
Chronic pancreatitis
A higher incidence of the abnormalities of the 
lower common bile duct in patients with chronic 
pancreatitis has been observed in this study in 
comparisom with previous reports (Table 27). The 
incidence of common bile duct stenosis in our 47 
chronic pancreatitis patients was almost identical to 
the figure 63% reported by Sarles et al. (1965) in a 
series of 100 patients with chronic calcifying 
pancreatitis. Our patients must have had chronic 
pancreatitis of sufficient severity to warrant direct 
cholangiography and this may explain the high incidence 
of bile duct abnormality. Since bile duct
abnormalities are found more commonly on ERCP in severe 
chronic pancreatitis (69%) than in mild cases (28%; 
Guien, 1979) this may also account for the different 
incidence reported in previous series (Table 27). 
However, the present study demonstrates that the 
frequency of the Caroli types of cholangiographic 
abnormalities associated with chronic pancreatitis are 
comparable with those of previous reports. Type I and 
type III strictures (Figures 32&34) were seen in 67% 
and 10% of the abnormal cholangiograms respectively; 
figures which are comparable with 40-66% for type I and
240
Table 27 The incidence of abnormalities of the 
biliary tract associated with chronic pancreatitis in 
the present and previous studies.
Study no . Abnormal cholangiograms
cases number incidence
Englholm et al. 1976 179 99 59%
Gregg et al. 1981 21 1 9 90%
Guien & Camatte, 1971 162 100 61%
Petrozza & Dutta, 1985 1 51 15 9%
Sarles et a l . 1965 100 63 63%
Scott et a l . 1977 38 11 30%
Siegel et al. 1979 27 12 44%
Wisloff et al. 1982 79 36 46%
Subtotal 757 355 47%
Present study 47 30 64%
Total 804 385 48%
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3-15% for type III strictures reported by others 
(Engelhom et al. 1976; Guien 1979; Guien & Camatte,
1971; Sarles et al. 1965; Wisloff et al. 1982).
Although type II, type IV, and type V strictures are 
not usual cholangiographic findings in chronic
pancreatitis, the observed incidence in the present
study (Table 23) are also comparable with the range of
2-6% reported previously (Engelhom et al. 1976; Freeny 
& Lawson, 1982; Guien & Camatte, 1971; Sarles et al.
1958). Two of the chronic pancreatitis patients in the
present study had stones in their common bile duct
which resulted in atypical cho langiographic
abnormalities. However, Gregg et al. (1981) found 
common bile duct stones in four of their 19 patients
with chronic pancreatitis.
The reported figures for the mean maximum
diameter of the common duct proximal to obstruction in 
chronic pancreatitis patients are 11 to 13mm (range:
6-28) (Gregg et al. 1981; Petrozza & Dutta, 1985;
Sarles et al. 1965). The diameters are narrower than
the 18mm found in the present study. Furthermore, the
length of the stenotic part in the study by Gregg et
al. (1981) (range: 4-30mm, mean 15mm) was shorter in
comparison with the present study (range: 10-75mm, mean
41 m m ).
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Gall bladder stones are relatively unusual in 
chronic pancreatitis (Guien & Camatte, 1971); Sarles et 
al. (1965) found gall-bla dder stones in only two of 
their series of 100 patients with chronic pancreatitis. 
The present study did not find gall stones in the
gall-bl add er of the 28 patients who had their 
gal l-bladder opacified at direct cholangiography; this 
was also the case in the 54 patients with chronic
calcifying pancreatitis reported from Brazil (Dani et
al. 1974).
All the patients with chronic pancreatitis who 
had an elevated total serum bilirubin , also had 
elevated serum alkaline phosphatase concentrations. On 
the other hand, only 48% (11/23) of the cases with
elevated serum alkaline phosphatase concentration had 
an elevated total serum bilirubin level. Therefore, 
serum alkaline phosphatase concentration is a better 
index for the radiological involvement of the biliary 
tract by the inflammatory process. Lesser degrees of 
stenosis may produce no symptoms or signs but may still 
be suggested by elevations in serum alkaline
phosphatase concentration, a finding observed
previously (Snape et al. 1976). Figure 39 shows that 
0 f the patients with elevated serum alkaline
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pho sphatase concentration (>300 IU/1) and 100% of the
patients with elevated ALT, regardless of the level of 
total serum bilirubin or presence or absence of 
clinical jaundice, had some form of abnorma lity of the 
biliary tract. Therefore, persistent abnor mality of 
the liver function tests should alert the clinician to 
the pos sibility of common bile duct stenosis and 
biliary radiology should then be mandatory.
The study has demonstrated that an elevated 
serum alkaline phosphatase con centration is present in 
70% and an elevated total serum bilirubin level is 
present in 23% of chronic pancreatitis patients with 
abnormal cholangiograms (Figure 39). These figures are 
well below the 93% figure for elevated serum alkaline 
phosphatase concentration reported by Petrozza & Dutta 
(1985) and the 50% elevated total serum bilirubin level 
reported by Wisloff et al. (1982). Therefore, the 
present study demonstrates that direct cholangi ography 
is still the best method to define involvement of the 
biliary tract by chronic pancreatitis. However, the 
significance of asymptomatic radiological stenosis of 
the common bile duct associated with chronic 
pancreatitis is not clear (this will be discussed in 
chapter 5)•
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The present study has showed that there are no 
significant biochemical differences can be demonstrated 
between different types of the cholangiog raphic 
abnormalities (Caroli classification) associated with 
chronic pancreatitis (Table 23). Therefore, the 
classification cannot predict the severity of the 
disease and extent of involvment of the bilary tree, or 
help in selecting patients who are in need of a biliary 
bypass operation. Furthermore, although the pattern of 
bile duct abnorm ality  in association with chronic 
pancreatitis and other pancreatic diseases have been 
carefully documented (Caroli & Nora, 1952; Guien, 
1979), the criteria for determining the presence of 
common bile duct stenosis appear imprecise (see Figure 
2, chapter 1). Type I stenosis is most frequently 
encountered in chronic pancreatitis but it' need not be 
associated with any dilatation of the proximal biliary 
tree. While there should be no dispute about severe 
obstruction, minimal changes in the biliary tree may be 
difficult to evaluate and label correctly, particularly 
if radiological assessment has depended on the 
relatively poor quality radiograms obtained at 
cholecystography or intravenous cholangiography.
Evaluation of biliary tree stenosis should be based on 
cholangiograms obtained by ERCP or PTC. Furthermore, 
stenosis might be more accurately defined if the
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def in itio n was restricted to radiological  narrowing of 
the common bile duct to less than a certain diameter, 
or to nar rowing which results in defined dilatati on of 
the proximal biliary tree. Only when such a definition 
is agreed can we hope to rationalise our und erst andin g 
of the extent of the problem and its treatment.
Pan creatic carcinoma
Kruse et al. (1978) have reported biliary tract 
abnor mal ities in 93% of their patients with pancreatic 
carcinoma. The figure from the present study (Table 
22) must be interpreted with caution, since the study 
has only included patients with pancreatic carcinoma 
who had had some form of direct cholangio graphy
preoperatively.
Forty (75%) of 53 patients with pancreatic 
carcinoma in the present study showed complete or 
near-complete obstruction of the biliary tract (35 type 
V, 4 type XI and 1 unclassified stricture). Although  a 
rat-tailed obstruction is deemed typical in pancreatic 
carcinoma, the configuration of the terminus may be
smoothly and symetrieally tapered, conical, or only 
slightly eccentric and irregular. A nipple or beak at 
the point of obstruction or non-specific rounded 
appearance are quite common (Friedman et al. 1987).
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Th erefore no matter what its cholangi ographic
appearances, any complete or near complete stricture/ 
ob str uction in the mid or distal common duct is highly 
suspicious for carcinoma of the head of the pancreas.
Type V stricture formation was observed in 47
(60%) of 78 pancreatic carcinoma patients by Guien 
(1979), and type I stricture in 8 (14%) of 57 patients 
by Guien & Camatte (1971), figures which are comparable 
with those of the present study (Table 23). However,
five of the 9 cancer patients who had type I
ch olangio graphic abnormalities actually had combination 
of both pancreatic carcinoma and chronic pancreatitis 
however the strictures were tighter, longer and 
irregular in shape (Figure 46). Although all these 
patients had clinical features of chronic pancreatitis 
and were jaundiced, their radiological and biochemical 
datas were more in favour of primary malignant 
obstruction (Table 25).
Rarely, metastatic disease near the head of the 
pancreas causes common bile duct obs truction or 
encasement that is indistinguishable from primary 
pancreatic mal ignancy  (see Figure 29, Chapter 3). 
Carcinoma of the pancreas, on the other hand, can 
produce biliary obstruction at the level of the common
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hepatic duct or at any level upto porta hepatis by 
virtue of direct extension or nodal compression (Figure 
41). Furthermore, int rahepatic ducts compression is 
produced by liver metastasis from pancreatic carcinoma 
without stenosis of the common bile duct (Figure 40). 
These cholangio graphic abnormalities have also been 
observed by other workers (Friedman et al. 1987).
Comparison of chronic pancreatitis and pancreatic 
carcinoma
From 40 successful ERCP in 43 (biopsy-proven) 
pancreatic carcinoma patients, the diagnosis of 
carcinoma on the basis of pancreatic duct stenosis or 
obstruction is suggested in 30 patients and on the 
basis of common bile duct stenosis or obstruction in 7 
patients of whom 5 had normal pancreatograms (Silvis et 
al. 1976). These authors reported that both ducts were 
abnormal in only 19 of the 40 patients. Therefore, the 
degree of involvement of pancreatic duct and bile ducts 
is not always of similar importance in patients with 
pancreatic carcinoma. The same is true with in
patients with chronic pancreatitis (Sahel, 1986). This 
stresses the usefulness of visualization of both duct 
system for accurate diagnosis and evaluation of chronic 
pan creatitis and pancreatic carcinoma.
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This is the first reported study which has 
co ncentrated on the cholangi og raphic differences of 
chronic pancreatitis and pancreatic carcinoma with a 
relatively large number of patients. Table 26 shows 
that patients with chronic pan creatitis are younger 
than their fellows with pancreatic carcinoma. Patients 
with pancreatic cancer have greater dilatatio n of the 
intrahepatic and extrahepatic biliary ducts which is 
also reported previously (Guien, 1979). However, 
Figure 47 shows that there is a large degree of overlap 
regarding the maximum diameters of the intrahepatic and 
extrahepatic ducts proximal to the obstruction between 
chronic pancreatitis and pancreatic carcinoma patients. 
In individual cases the measurement of the biliary 
ducts diameter (such as by ultrasound) therefore of 
limited value in differentiation. None of the six 
cases with chronic pancreatitis and pancreatic cancer 
and of the 47 cases with carcinoma of the pancreas only 
in this study had pancreatic calcifications on plain 
films. Therefore, the present study supports previous 
reports in suggesting that presence of pancreatic 
calcifi cat ion strongly excludes pancreatic carcinoma 
(Freeny & Lawson, 1982).
Table 26 shows that chronic pancreatitis 
patients had shorter length of common bile duct
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stenosis (P<0.01) and as reported previously, 
irr egu larity of the stenotic part of the common bile 
duct was exclusively seen in the cancer group (Kruse et 
al. 1978). The absence of a transitional zone and 
presence of an abrupt boundary between the stenosis and 
the resulting dilatation are more in favour of cancer 
than pancreatitis in which the entrance to the 
narrowing is gradul (Guien, 1979). It has been 
suggested that tumours arising in the head of the 
pancreas often cause similar abnormalities of the both 
the main pancreatic duct and contiguous common bile 
duct, such as obstruction or encasement "double-duct 
sign" (Freeny et al. 1976). However, the double duct 
sign is not pathognomonic of pancreatic carcinoma. The 
present study and that of Gilinsky et al. (1986) 
demonstrated double duct signs in patients with chronic 
pancreatitis as diagnosed at laparotomy and biopsy 
(Figure 3 8).
The present study agrees with others (Caroli & 
Nora, 1952) that a distended gall-bladder is more 
frequent with pancreatic carcinoma (86%); the
ga ll-bladd er may be distended in chronic pancreatitis 
(44%) but usually to a lesser extent (48 + 6mm) than in 
pancreatic carcinoma (57 _+ 12mm).
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Non-specific ductal changes may render a 
defini tiv e diagnosis impossible. While some workers 
have experienced no difficulty in di ff erentiat ing 
chronic pancreatitis from pancreatic carcinoma on ERCP
(Freeny et al. 1976; Rohrmann et al. 1974), the present
study like others (Caletti et al. 1982; Frick et al 
1982; Silvis et al. 1976) could not always make the 
distin cti on on cholangiographic appearances. The 
mor pho logical appearances are sometimes similar and 
both conditions may co-exist. Type I and type III are 
typical findings in chronic pancreatitis (Figures 
32&34), however, they can also be found in patients 
with pancreatic carcinoma (Figures 42&44). It is then 
difficult to differentiate between the two conditions. 
On the other hand, type V stricture which is specific
to the pancreatic carcinoma (Figure 45), can also be
difficult to differentiate when it associated with 
chronic pancreatitis (Figure 38). However, the present
study demonstrated significant differences between 
chronic pancreatitis and pancreatic carcinoma patients 
regading the associated biochemical changes in patients 
who had the same types of the cholangiographic 
abn ormalties (Table 23); this could be of some help in 
m aki ng the correct diagnosis.
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Most investigators agree that if carcinoma and 
chronic pancreatitis co-exist, it is virtually 
impossible to make a specific radiologic diagnosis 
(Reuben et al. 1978). A distended gall-bladder, 
tighter and longer stenosis of the common bile duct, 
gr eater dilatation of the biliary duct system proximal 
to stenosis, and high values of total serum bilirubin, 
AST, ALT, and serum alkaline phosphatase con cen tration 
should make surgeons think of the pos sibility of 
u nd erl yin g pancreatic cancer when patient presents with 
clinical features of chronic pancreatitis (Tables 
2 5&2 6 , Figure 46).
In spite the fact that both the present study 
and the study by Kruse et al. (1978) observed that 
patients with pancreatic carcinoma have a greater 
dil at at ion of the biliary system proximal to the 
stricture, irregularity of the stricture of the common 
bile duct is exclusively seen in patients with 
pancreatic carcinoma and the cancer group have higher 
levels of the associated liver function tests. 
However, these findings are not pathognomonic and the 
present study found a large degree of overlap between 
the two conditions with regard to the maximum diameters 
of the intra- and extra-hepatic ducts (Figure 47) and 
the values of the liver function tests. Therefore, a
252
safe differentiati on between chronic pan creatitis and 
pancreatic carcinoma in an individual patient cannot 
ex clu sively rely on cholangiography, but should be 
based upon his topathological exa mination of the lesion.
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CHAPTER 5
HEPATOBILIARY COMPLICATIONS OF CHRONIC PANCREATITIS 
(STUDY IV)
AIM OF THE STUDY
Common bile duct stenosis is a well recognised 
complication of chronic pancreatitis but its incidence, 
significance and natural history is uncertain. Study III has 
addressed the first issue (see chapter 4) and found that direct 
cholangiography is the most sensitive method to detect the 
involvement of the biliary tract by the inflammatory process. 
The present study was intended to address the significance of 
the radiological stenosis of the common bile duct by 
correlating the biochemical, radiological and histological 
sequelae of this complication in an unselected, consecutive 
group of patients undergoing surgery for chronic pancreatitis.
PATIENTS AND METHODS
Thirty-nine consecutive patients undergoing 
surgery for chronic pancreatitis between 1st January 1984 and 
31st January 1987 in Glasgow Royal Infirmary had peroperative
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liver biopsy performed. The patients comprised 32 males and 7 
females with a median age of 42 years (range 27-72 years). 
Chronic pancreatitis was considered secondary to alcohol abuse 
in 30 patients (77%), pancreas divisum in one and polyarteritis 
nodosa in one. No definite aetiological factor could be 
established in the remaining 7 patients although one had 
gallstones at the time of diagnosis of chronic pancreatitis and 
one had hypercalcaemia although primary hyperparathyroidism was 
not confirmed. Eight patients (21%) had previously undergone 
pancreatic surgery but none had undergone a previous 
biliary-enteric bypass. Five had previously undergone
cholecystectomy. The indications for surgery during the index 
admission included obstructive jaundice in 6 patients and the 
presence of a cyst or pseudocyst in 7. In the remainder,
pain, inadequately controlled by narcotic analgesics, was the 
predominant indication for surgery. The median duration of 
symptoms prior to surgery was 36 months, ranging from 2 weeks 
(in one patient with jaundice) to 14 years.
Pre-operative assessment
Pre-operative assessment in all patients 
included routine liver function tests and ultrasound scan of 
the pancreas, liver and biliary tree. Radiology of the
biliary tree was attempted pre—operatively in 38 of the 39 
patients, at the time of endoscopic retrograde
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cholangiopancreatography (ERCP) in 33 and by percutaneous 
transhepatic cholangiogram (PTC) in 5. In those patients 
judged to have a common bile duct stenosis based on the 
presence of a persistent narrowing of a portion of the duct, 
this was categorised according to the classification of Caroli 
and Nora (1952). Both type I stenosis (long retropancreatic 
stenosis) and type III stenosis ("hourglass-type" narrowing of 
the mid common bile duct at the upper border of the pancreas) 
are considered characteristic of chronic pancreatitis (see 
Figure 2, chapter 1). Stricture at the sphincter of Oddi 
(type II) is typical of periampullary lesions. Type IV 
stenosis (medial or lateral compression with deviation of the 
common bile duct) may be associated with chronic pancreatitis, 
cyst or carcinoma, while the type 5 stenosis (complete 
occlusion of the duct at the upper border of the pancreas) is 
characteristic of pancreatic cancer. The cholangiograms were 
assessed by the author who was unaware of the clinical details, 
and the stenosis length and maximum diameter of the duct above 
the stenosis were measured.
Surgery
Fourteen patients underwent formal pancreatic 
resection (distal pancreatectomy-9, pancreaticoduodenectomy-2 
and total pancreatectomy-3). Two of the patients undergoing 
distal pancreatectomy had the duct in the pancreatic remnant
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drained by pancreaticojejunostomy. Eight patients underwent 
longitudinal pancreaticojejunostomy without resection. Three 
patients had a transduodenal sphincteroplasty with removal of 
stones from the pancreatic duct (Hansell et al. 1986) and one 
patient with pancreas divisum had accessory duct 
sphincteroplasty. Five patients underwent cystogastrostomy, 
and one had needle aspiration of multiple cysts in the head of 
the pancreas. One patient had pancreatic biopsy alone. Six 
patients (15%) had a biliary-enteric bypass performed 
comprising cholecystjejunostomy in 3 (one with additional 
pancreaticojejunostomy), choledochojejunostomy in 2 (one with 
pancreaticojejunostomy and one with gastrojejunostomy) and 
choledochoduodenostomy in one.
Liver histology
The liver biopsy was usually taken from the 
right lobe, using the Tru-Cut biopsy needle (Travenol 
Laboratories, Illinois, USA). The biopsies were processed by 
standard means and sections routinely stained with haematoxylin 
and eosin, Masson's trichrome, Gordon and Sweets' reticulin and 
PAS/diastase. Where appropriate Peris' iron stain and 
Shikata's orcein stain were performed. The biopsies were 
examined by an independent pathologist (Professor RNM MacSween) 
unaware of the patients' clinical details. Following the 
initial morphological assessment clinico-pathological
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correlations were examined and the final morphological 
diagnoses agreed.
Statistics
Statistical analysis of the differences between 
groups of patients was performed by the Mann-Whitney U test. 
The differences between groups were considered statistically 
significant when the probability of their arising by random 
sampling error was less than 1 in 20 (P 4* 0.05). The 
definitions of the statistical terms used in the chapter are 
listed in Appendix 3.
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RESULTS
Biochemistry
Six patients (15/0 were clinically jaundiced
prior to surgery (mean serum bilirubin concentration 156
pmol/1, normal range 3-22 pmol/1). Serum alkaline phosphatase 
concentration was elevated in 19 patients (49%) with 12 (31%) 
having an elevation greater than twice the upper limit of 
normal. Serum aspartate transaminase concentration was
elevated in 12 patients (31%) but in only 3 patients was the 
elevation greater than twice normal. Alanine transaminase
concentration was elevated in 11 patients (28%), and in 4
patients this elevation was greater than twice normal.
Radiology
Biliary radiology was obtained in 26 patients 
(67%). Sixteen of these 26 patients (62%) were considered to 
have stenosis of the lower common bile duct. Diameters of the 
bile duct above the stenosis in these 16 patients ranged from 7 
to 25mm (mean 15mm) and the stenosis length varied from 10 to 
70mm (mean 36mm). The remaining 10 patients all had normal 
biliary radiology with maximum duct diameters ranging from 5 to
15mm (in a patient following cholecystectomy). The mean duct
diameter in these patients was 9mm and was significantly 
different from those with a stenosis (p 0.001). Twelve
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patients were considered to have type I biliary stenosis and 
there was one case each of types II, III, IV and V.
Histology
Twenty-three liver biopsies were considered to 
show non-specific features; 5 of these had minimal fatty 
infiltration, increased lipofuscin deposition and nuclear 
polypiiody; 18 showed reactive changes of varying degree 
comprising Kupffer cell hyperplasia, increased numbers of 
intra-sinusoidal mononuclear cells including occasional 
ceroid-laden macrophages, and a mild, often focal infiltration 
of mononuclear cells in the portal tracts. In 11 patients 
the biopsy showed histological features consistent with biliary 
tract disease. In 7 patients there was cholestasis with mild 
portal tract changes comprising oedema, cholangitis and 
increased prominence of marginal bile ducts. In one patient 
there was cholestasis and more severe portal tract changes 
comprising oedema, cholangitis, marginal duct proliferation, 
cholangiolitis and some portal fibrosis. In 3 biopsies there 
were features of a secondary sclerosing cholangitis with 
fibro-obliterative lesions affecting interlobular bile ducts; 
in all 3 biopsies there was portal fibrosis and in two there 
were superimposed features of an acute cholangitis with a 
moderately intense peri-ductal and portal tract neutrophil 
polymorph infitrate.
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The remaining five patients comprised two cases 
of mild perivenular scarring (possibly residual to 
alcohol-induced injury), one case each of alcoholic hepatitis, 
resolving acute hepatitis (possibly of drug or viral aetiology) 
and cirrhosis (possibly of alcohol aetiology in that there was 
a previous clinical history of alcohol abuse although the 
biopsy did not show features of a superimposed alcoholic
hepatitis).
Biochemical/radiological/histological correlations
All 6 jaundiced patients had bile duct
stenosis. Of the 26 patients with a pre-operative
cholangiogram, 10 (71%) of the 14 patients with an elevated 
serum alkaline phosphatase concentration (including all 9 with 
an elevation greater than twice normal) had radiological
evidence of bile duct stenosis. Alkaline phosphatase
concentrations were also elevated in 4 patients found 
radiologically to have a normal common bile duct. Nine (90%) 
of those with an elevated aspartate transaminase level and 8 
(89%) of those with an elevation in serum alanine transaminase 
concentration had bile duct stenosis demonstrated.
Seven (44%) of the 16 patients with common bile 
duct stenosis exhibited histological features of extrahepatic
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biliary obstruction (Table 28) as did 5 (83%) with clinical
jaundice, 8 (67%) with alkaline phosphatase elevation greater 
than twice normal and 6 (67%) of the 9 patients with both
alkaline phosphatase elevation greater than twice normal and 
common bile duct stenosis. The maximum common bile duct 
diameters (mean & SD) were similar whether histological
features of extrahepatic biliary obstruction was present or not
+ +
(17 —  4mm vs. 14 —  6mm) but the mean stenosis length was
+ + 
longer (44 —  23mm vs. 29 —  12mm) the difference, however,
failing to reach statistical significance. The senstivities
and specificities of each parameter for predicting the presence
of extrahepatic obstruction on liver biopsy are shown in Table
29.
Surgery
The presence of jaundice was the major
indication for biliary-enteric bypass and 4 of the 6 patients 
jaundiced pre-operatively underwent either biliary-enteric 
bypass (in 3) or pancreaticoduodenectomy (as pancreatic 
carcinoma could not be excluded) in one. All 3 patients had
bile duct stenosis but only 3 had histological features of
extrahepatic obstruction on biopsy, the fourth having alcoholic 
hepatitis. The two remaining jaundiced patients did not have 
a biliary-enteric bypass performed (see below).
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Table 28 Biochemical, histological and operative data on 16 
patients with radiologically demonstrated common bile duct 
stenosis.
Patients Bilirubin 
(jLiraol /I )
Alkaline
phospatase
(IU/1)
Liver 
his tology Operation
AD 175 680 EHO-severe Cystogastrostomy
BG 155 2080' EHO/SSC Cholecystojejunostomy
JSw 185 670 EHO/SSC Choledochoduodenostomy
CL 335 660 EHO Cholecystojejunostomy
TW 57 1470 EHO Transduodenal
sphincteroplasty
WMc A 67 11 00 Ale Hep Pane rea tico- 
duodenec tomy
EMcC 26 4100 EHO Cholecystojejunostomy/ 
Pancreaticojejunostomy
MH 11 680 Cirrhosis Choledochojejunostomy/
Gastrojejunostomy
MHy 10 1070 NSR Choledochojejunostomy/
Pancreaticojejunostomy
AA 23 380 Hepatitis Distal pancreatectomy
JC 10 210 NSR Pancreaticojejunostomy
JS 12 190 NSR Pancreaticojejunostomy
LF 8 150 EHO Transduodenal
sphincteroplasty
MM 11 245 NSR Transduodenal
sphincteroplasty
RR 6 160 NSR Cys t aspiration
RS 12 205 NSR Cystogastrostomy
EHO, extrahepatic biliary obstruction; SSC, secondary sclerosing 
cholangitis; Ale Hep, alcoholic hepatitis; NSR, non-specific 
reactive changes.
( N o r m a l - b i l i r u b i n  <22 jumol/1 , alkaline phosphatase <280 IU/1)
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Table 29 Analysis of parameters predicting the 
presence of e x t r a hepati c biliary ob struction  on liver 
biopsy in 39 patients with chronic pancreatitis.
Parameter
SN SP
Predictive
positive
values
negative
Jaund ice 45% 96% 83% 82%
Alkaline phospa tase 91% 68% 53% 95%
Alkaline phos patase (>2N) 73% 86% 67% 89%
Aspartate transami nase 64% 82% 58% 85%
Alanine transaminase 55% 82% 55% 82%
Common bile duct stenosis* 87.5% 50% 44% 90%
SN, sensitivity; SP, specificity.
* Only on 26 patients with successful cholangiogram.
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Three other non-jaundiced patients with common 
bile duct stenosis and an elevated alkaline phosphatase 
concentration pre-operatively also had a biliary-enteric bypass 
performed. Only one of these patients had histological 
features of extrahepatic biliary obstruction on liver biopsy; 
one had cirrhosis and the other non-specific features.
Outcome
Three of the 6 patients having biliary-enteric 
bypass had an uncomplicated postoperative recovery and none 
have since developed recurrent jaundice or cholangitis with a 
follow-up of at least 6 months. Two patients undergoing 
cholecystjejunostomy developed recurrent jaundice at 2 months 
and 2 years postoperatively. Cholangiography in both patients
showed a non-functioning biliary-enteric anastomosis, one 
having developed biliary debris and the other gallstones in the 
common bile duct. Both have since undergone Roux-en-Y 
choledochojejunostomy and currently remain free of symptoms.
The sixth patient had a choledochoduodenostomy but developed 
further pain and 5 months later underwent 
pancreaticojejunostomy. Biopsies of the pancreatic head had, 
on both occasions, shown chronic pancreatitis. He remained 
syptomatic and has since undergone pancreaticoduodenectomy when 
histology showed a small, unsuspected pancreatic carcinoma with 
surrounding pancreatitis.
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Three of the other 10 patients with radiological 
bile duct stenosis were jaundiced; one underwent 
pancreaticoduodenectomy and remains well but 2 others who did 
not have biliary-enteric bypass developed postoperative biliary 
complications. One developed a bile leak after
cholecystectomy, transduodenal sphincteroplasty and exploration 
of the pancreatic duct. Leakage from the cystic duct stump 
was demonstrated by fistulography but this settled on 
conservative treatment. The other patient, an alcoholic, had 
presented late with advanced biliary obstruction and 
haemorrhage into a large pseudocyst. Liver function improved 
during a period of percutaneous biliary drainage. He 
underwent cystogastrostomy but without biliary-enteric 
bypass. His biliary obstruction was not relieved by drainage 
of the pseudocyst and he died one month later from liver 
failure. Of the remaining 7 patients with common bile duct 
stenosis, two have had further pain and are to undergo 
pancreatic surgery, one has died of a myocardial infarction and 
4 others remain well. None have had any symptoms related to 
the biliary tree.
2 6 6
DISCUSSION
The incidence of common bile duct stenosis 
reported in the literature varies widely (see Table 27, chapter 
4) and is difficult to evaluate due to differences in patient 
selection and the diagnostic criteria used to define chronic 
pancreatitis and common bile duct stenosis. Radiological 
evidence of common bile duct stenosis was found by Sarles et 
al. (1965) in 65% of a series of 100 patients with chronic 
calcifying pancreatitis. The lowest incidence of common bile 
duct stenosis (4%) was reported from a large series of 1262 
patients (Aranha et al. 1984). These patients were not 
screened biochemically or radiologically for the presence of 
common bile duct stenosis and this figure represents the small 
proportion of patients with clinically apparent common bile 
duct obstruction; it undoubtedly underestimates the true 
incidence of common bile duct stenosis. Bile duct
abnormalities are found more commonly in severe chronic 
pancreatitis, as assessed by ERCP, than in mild cases (69% vs. 
28%) (Guien, 1979) and this may also account for the different 
incidence reported in various series.
The incidence of common bile duct stenosis in 
the 26 evaluable patients was high at 62% which is comparable 
to the figure 64% found in the study III (Table 27) and almost
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identical to that reported by Sarles et al. (1965). All 39 
patients in the present study had chronic pancreatitis of 
sufficient severity to warrant surgery and this may explain the 
high incidence of bile duct abnormality. However, because 13 
of the 39 patients in the present study did not have biliary 
radiology this figure must be interpreted with caution. None 
of these 13 patients had been jaundiced, although 5 had 
alkaline phosphatase elevations which, in 3 of them, exceeded 
twice the upper limit of normal. On liver biopsy 3 of these 
13 patients showed features of extrahepatic obstruction. This 
suggests that the total number of patients with common bile 
duct stenosis in this series may have been between 19 (49%) and 
21 (54%) of the total group of 39 patients and could be
higher. Therefore at least half the patients coming to 
surgery for chronic pancreatitis may have some degree of 
biliary obstruction with important implications for treatment.
Jaundice in an alcoholic may be diagnosed as 
alcoholic hepatitis or cirrhosis when unsuspected extrahepatic 
biliary obstruction is the cause (Warshaw et al. 1976) and 
conversely hepatocellular disease may mimic the biochemical 
features of extrahepatic biliary obstruction (Phillips & 
Davidson, 1957). Despite alcohol being the putative 
aetiological factor in 77% of our patients the incidence of 
significant alcoholic liver disease (5%) was small and an
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infrequent cause of biochemical derangement compared with 
Bradley and Salam's (1978) experience.
The results of the present study study show
that, even in the presence of radiological stenosis of the 
common bile duct, liver enzyme abnormalities do not always
reflect extrahepatic biliary obstruction, the presence of which 
may only be confirmed by liver biopsy. All but one of the 11 
patients with histological features of extrahepatic biliary 
obstruction had abnormal liver function tests. Therefore, 
even in the presence of radiological common bile duct stenosis, 
normal liver function tests suggest that extrahepatic biliary
obstruction is unlikely and that liver biopsy and biliary 
bypass surgery are not indicated.
The role of surgery in anicteric patients with 
common bile duct stenosis who manifest persistent alkaline
phosphatase elevation is more controversial. Sarles and
Sahel (1978) consider that these patients, because they have a 
more dilated proximal bile duct, may have more prolonged bile 
duct obstruction than those who present with jaundice. 
Biliary-enteric bypass may be considered in such patients to 
prevent secondary biliary cirrhosis which, although a rare 
complication in most series, was reported in 10% of one series 
of 50 patients undergoing peroperative liver biopsy (Leger et
269
al. 1972). In another series an incidence of 29% was recorded 
in 24 patients with common bile duct stenosis complicating 
chronic alcoholic pancreatitis, these patients have been 
detected by screening a larger group for persistent alkaline 
phosphatase elevation (Afroudakis & Kaplowitz, 1981). It is 
probable that biliary cirrhosis usually develops over many 
years in neglected or unsuspected biliary obstruction but rapid 
progression from cholestasis to biliary cirrhosis over the 
space of a year has been documented (Warshaw et al. 1976). 
Secondary biliary cirrhosis was not seen in any of the 39 
patients. Portal tract fibrosis, a finding which others have 
observed commonly (Afroudakis & Kaplowitz, 1981) was present in 
4 cases in the present study. In 3 of these 4 patients there 
were fibro-obliterative lesions of the interlobular bile ducts 
indicating the development of a secondary sclerosing 
cholangitis. In these 3 cases we would envisage a greater 
liklihood of progressive cholestatic liver disease, which in 
the absence of fully adequate biliary drainage, would result in 
secondary biliary cirrhosis.
Jaundice was the indication for surgery in 6 of 
the 39 patients in the present study. Whereas, three patients 
had a biliary-enteric bypass performed for serum alkaline 
phosphatase elevation in association with common bile duct 
stenosis but only one had features of extrahepatic biliary
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obstruction on biopsy. Isolated elevation of alkaline
phosphatase was, therefore, a less common indication for 
biliary-enteric bypass than jaundice and less specific for the 
presence of extrahepatic biliary obstruction.
Of the 6 patients undergoing biliary-enteric 
bypass, 2 of the 3 treated by cholecystjejunostomy had 
recurrent jaundice. While cholecystjejunostomy may be 
adequately palliative in obstruction due to pancreatic 
carcinoma it is inappropriate in chronic pancreatitis. Others 
have reported similar problems (Gregg et al. 1981).
Persistent abnormality of the liver function 
tests in patients with chronic pancreatitis should be prompt 
ultrasound scan and full radiological assessment of the biliary 
tree. Persistent jaundice in the presence of radiological 
common bile duct stenosis is a strong indication for 
biliary-enteric bypass but pre-operative liver piopsy is 
suggested in those with isolated elevation of alkaline 
phosphatase. There is no place for routine biliary-enteric 
bypass during surgery for chronic pancreatitis.
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Chapter 6
GENERAL DISCUSSIO N AND CONCLUSION
U LT RAS OUN D
Ultrasound plays the pivotal role in the 
evaluation of jaundiced patients by differentiatin g
obstructive from nonobstr uctive jaundice. When the US 
diagnosis is compared to that made using direct
cholangiography, the ability of US to detect the
presence or absence of intrahepatic biliary dilatation 
is 93% (Trought et al. 1980); the corresponding figure 
is 97% in patients having extrahepatic obstruction and 
84% in those with intrahepatic cholestasis (Haubek et 
al. 1981). Although it has been suggested that
intrahepatic biliary dilatation is a reliable indicator 
of obstruction (Haubek et al. 1981), O'Connor et al. 
(1986) found dilated intrahepatic biliary ducts in only 
5 of their 29 patients with c h o l e d o c h o l i t h i a s i s . This 
given a 83% false negative rate if the diagnosis of 
biliary obstruction was based soley on finding dilated
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intra hep atic ducts on US. Conversely, patients who 
have obstr uction of only one of the two major
intrahepatic ducts (or segmental ductal obstruction) 
leading to segmental intrahepatic biliary dilatation 
will not be jaundiced although they will usually have 
other biochemical abnormalities (Myracle et al.
1981). Non -dil at ation of the intrahepatic ducts does 
not exclude dilatat ion in other parts of the biliary 
tree; it is well recognised that the distal common duct 
alone may dilate while the proximal ducts remain 
normal, in keeping with La Place's law. Sequential 
scanning of the biliary tree in monkeys with surgical 
common bile duct ligation has confirmed these clinical 
obs ervations (Shawker et al. 1981). In this animal
model, dilatation of the gall-bladder and distal common 
duct occurs at about 24 hours. Dilatation progresses 
proxim all y with intrahepatic ducts becoming affected at 
about one week. Bilirubin elevation is first detected 
within 48-72 hours. After release of the obstruction, 
dilatati on resolves in reverse order with the distal 
common duct being the last to return to normal at 30-50 
days. This suggests that dilated intrahepatic ducts 
should probably be regarded as a late sign of
established biliary obstruction. Furthermore, if the 
ex trahepatic ducts are normal when the intrahepatic 
ducts are dilated, the obstruction is probably located
at porta hepatis, where lym phad en opathy or 
cholangio ca rcinoma  is usually the cause.
In 100 normal persons evaluated by US at the 
Univ er sity of British Columbia, the maximum diameter of 
extrahepatic duct was 4mm (Cooperberg et al 1980). 
Although a small number of patients have extrahepatic 
duct wider than 4mm without obstruction following 
cholecystectomy, it has been suggested that a diameter 
of 5mm or more should be regarded abnormal and 
justifying further investigations (Cross et al. 1983; 
Cooperberg et al. 1980). However, most authors regard 
a maxi mum diameter of 7mm or more as a definite 
indicator of obstruction (Baron et al. 1982; Haubek et 
al. 1981). Furthermore, patients may have common bile 
duct dilatation without obstruction or jaundice 
(Weinstein & Weinstein, 1980). It has been suggested 
that age, chronic inflammation, and prolonged 
obstruction act to destroy the elastic recoil of the 
duct wall, resulting in persistent dilatation after 
spontaneous or surgical relief of previous obstruction 
(Ferrucci et al. 1983). Conversely, there are patients 
with obvious jaundice due to surgical obstruction who 
have a nondilated biliary system (Muhletaler et a l . 
1980; Trought et al. 1980). Beinart et al. (1981) 
reported a 9% incidence of a nondilated but obstructed
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biliary system in a series of 150 PTCs. Explanations
for this phenomenon include acute obstruction without 
time to dilate, a ball-valve effect, and periductal
tumour growth or scarring preventing dilatation
(Friedman et al. 1987).
In the present study, the sensitivity of 
satisfac tor y US scans in det ermining the presence or 
absence of biliary tract obstruction was 88%, a figure 
which is comparable with the results of previous 
studies (Baron et al. 1982; Haubek et al. 1981; Trought 
et al. 1980). Therefore, when no obstruction is seen 
in the biliary system on sonography, nonob str uctive 
jaundice is usually considered to be the diagnosis. 
But if the clinical suspicion of obs truction is 
suf fic iently high, direct cho langiography should still 
be performed. This has been emphazised particularly in 
patients with persistent evaluation of the serum 
alkaline phosphatase concentration (Mueller et al. 
1981).
A wide range of accuracy has been reported with 
regard to the correct determinati on of both the level 
and cause of biliary dilatation, based on US findings. 
At one extreme are the reports by Haubek et al. (1981) 
and Koe nigsberg et al. (1979), who used US findings to
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de termine correctly the level of dilatation in 95% 
(35/37) and 94% (30/32) of patients; the precise
cause was defined in 68% (25/37) and 81% (26/32) of
patients, respectively. However, eight of 44 patients 
with obstruction in the first study did not have 
definite proof of the final diagnosis, and 7 patients
in whom US failed to determine the presence or absence
of ob struction  in the biliary system were excluded from 
their analysis. The second study was a retrospective 
series of 32 selected patients with surgically proven 
biliary obstruction and all had satisfactory scans.
At the opposite extreme are the more recently published 
reports by Honiclcman et al. (1983) and Baron et al.
(1982), who predicted the correct level of dilatation
from US scans in only 27% (17/62) and 60% (24/40) of
patients, and the correct cause in only 23% (14/62) 
and 38% (18/47) respectively. However, not all of
their patients had proper proof of the final diagnosis 
and they included in their analysis a large number of 
u n sa tisfac to ry  scans. In contrast to this discouraging 
trend, the present study found a 50% (62/124) accuracy
in US diagnosis of the cause of obstruction in the 
biliary system. The positive and negative predictive 
values of satisfactory US scans in the present study 
are 75% and 92% respectively for detection of common
bile duct stones and 88% and 79% for determining the
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presence or absence of malignant obstruction in the 
biliary system (Table 15C).
Although, Gibson et al. (1986) reported that 
the cause of obstruction was correctly detected by US 
in 88% of patients (57/65), by CT in 63% (32/51) and by 
direct cho lan gi ograph y in 89% (51/5 7) as proved later 
at laparotomy and h i s t o - p a t h o 1ogy , US generally is less 
reliable than PTC or ERCP in identifying the cause of 
obstru cti on and the present study confirms this general 
view (Table 18). The following are some factors 
believed to be responsible for the low diagnostic 
accuracy of US scans in comparison with direct 
cholangiography:
Technical failures
There can be a high rate of technical failure 
(un sat isfacto ry scans) in depicting the entire course 
of the common duct due to overlying bowel gas, obesity, 
ascites, or previous bypass operations. Frederic et al.
(1983) had an 11% (52/430) incidence of technical
failures, whereas, the present study had 18% (28/152) 
u ns at isfactory scans, mainly (87%) as a result of 
excessive bowel gas. The incidence of uns atisfactory 
US scans, however, can be minimised by repeated 
exa mination of the patient and by using special
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scanning techniques (Laing et al. 1986).
The diagnostic value of the unsati sfactory US
scans in the present study is zero. Therefore, when
dilated intrahepatic ducts are seen on sonography but 
the distal common duct is obscured, direct
cho lan gi ograph y is strongly recommended to establish 
the cause of the obstruction.
Nature of the obstruction
In the present study there were no
st atistic ally significant differences in the overall 
diagnostic value of US scans when patients with 
different causes of obstruction were compared
(Chi-squared test). The diagnostic sensitivity of US 
scans in determin ing the cause of obstruction was 44% 
(18/41) in calculous obstruction, 70% (7/10) in benign 
non -ca lculous  obstruction, and 51% (37/73) in malignant 
conditions (Table 15C). However, this was not the case 
with other reported studies (Pedersen et al. 1985) and 
there are many points which need to be highlighted in 
this context:
1- The most common problem with abdominal
u l tr asonog ra ph y is failure to detect calculi in the 
common duct. The sensitivity of ultrasound for
dete ct io n of common duct stones in the present study 
was 44% (18/41), which is even higher than the figure
of 13-38% reported previous ly with regard to the normal 
practice with real-time US scanning (Cronan et al. 
1983; Cross et al. 1983; Einstein et al. 1984;
Eyre-Broolc et al. 1 983 ; Pedersen et al. 1 985). This is
because the obstructing common duct stones frequently 
lodge in the distal retroduodenal common duct and are 
often obscured by overling bowel gas. Furthermore, the 
surrou ndi ng bile pool is small or nonexistent, adding 
to the dif ficul ty in detection when stones are present 
in normal-s ized ducts (Dewbury & Smith, 1983; Friedman 
et al. 1987; O'Connor et al. 1986).
O'Connor et al. (1986) found that the
dem onstr at ion of common duct dilatation (>6mm) on
so nography had a predictive value of 71% (25/35) for
the presence of stones, and a nondilated duct had a 
pre dictive value of 83% (20/24) for their absence.
Most authors agree with the results of the present 
study in that demonstration of dilated ducts is an 
insufficient basis for the diagnosis of
c h o 1e d o c h o 1 ithi asis because; (i) the diameter of a 
normal choledochus varies from 4mm to 17mm on US 
(Bruneton et al. 1981), (ii) a great degree of overlap 
in diameters of the intrahepatic and extrahepatic ducts
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opacified in post- ch ole c y s t e c t o i y  patients with and 
without retained stones has been demonstrated by ERCP 
(Hamilton et al. 1982), (iii) in one study (Cross et
al. 1983), the majorit y of p os t- cholec ys tectomy
patients (57%) with duct dilatation did not have 
c h o 1e d o c h o l i t h i a s i s , and finally (iv) a stone can 
partially or intermittentl y obstruct the biliary system 
without dilating it (Mueller et al. 1982). It should
be stressed that a normal calibre of common duct has
been found in 30-36% of patients with
c h o 1ed ocholithiasi s (Cronan et al. 1983; Laing &
Jeffrey, 1983). Furthermore, in contrast to stones in 
the gall- bladder, only 60-80% of stones in the common 
duct give rise to acoustic shadows (Cronan, 1986, 
Einst ein  et al. 1984; Parulekar & McNamara, 1983). 
Therefore, it is necessary to demonstrate a definite
echogenic focus within the common duct for the
diagnosis of c h o 1e d o c h o 1i t h i a s i s . However, in the 
light of the less than perfect det ect ability of common 
duct stones, it has been suggested that
po st-ch ol e c y s t e c t o m y  patients with elevated serum
alkaline phosphatase level should have ERCP despite 
normal sonography (Friedman et al. 1987).
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Sonography is gen erally considered a relatively 
insensitive mean of detecting common duct stones 
(Coelho et al. 1984; O'Connor et al. 1986). Cronan 
(1986) analysed 110 patients having c h o 1e d o c h o 1 ithisis 
proven surgically or by endoscopy. He obtained a 
sensit ivi ty of 55% with preoperative US and the stones 
detected so nograph ically varied in size from 2mm to 
18mm. Furthermore, reports using transverse scanning of 
the intrapa ncrea tic portion of the common bile duct and 
erect or semierect positioning in addition to the 
traditional parasagittal scans gave an improved 
sensit ivi ty of 75% for common duct stones (Laing et al. 
1984). Other helpful manoeuv res include longitudinal 
coronal views with the patient in various degrees of 
left posterior obliquity, filling the antrum and 
d uod enum with water, and occ asionally Trendelenburg 
pos itioning to allow distal common duct stones to sink 
to more accessible proximal positions (Friedman et al. 
1987). Using these maneuvers Laing et al. (1986) 
detected common duct stones in 80% (33/41) of patients 
with c h o l e d o c h o l i t h i a s i s . In the present study the
positive and negative predictive values of satisfactory 
US scans for the detection of the common bile duct 
stones are 75% (18/24) and 92% (47/51), respectively
(Table 15C). Furthermore, the predictive value of 
satisfactory scans for the detection of the common bile
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duct stones has improved from 55% (6/11) in the
rerospect ive  part of the study I to 92% (12/13) in the
pro spective part of the study. In one reported 
evaluat ion  of int ra — operative B—mode biliary tree and
pancreatic US in 50 patients undergoing chol ecy stectomy 
for gall- bladder stones, US correctly diagnosed common 
duct stones in 98% (49/50) patients (Lane & Glazer,
1980).
Even when the diagnosis of cho ledocholithiasis
is succe ss fu lly made s o n o g r a p h i c a l l y , more stones are 
often present at surgery than are shown by sonography, 
and the stone seen on US is often not the obstructing 
stone (Parulekar & McNamara, 1983; O'Connor et al,
1986). Furthermore, detection of common duct stones in
jaundiced patients cannot be interpreted as evidence
for c h o 1e d o c h o 1 ithiasis as the cause of the
obstruction; biliary stasis by itself leads to stone 
formation, and results of the present study II confirm 
previous reports that c ho1 edocholithiasis can co-exist 
even with malignant obstructions (Lee et al. 1984; 
Pedersen et al. 1985). Therefore, the point of 
obstruction should be identified clearly and a mass
searched for in all such cases before making a firm
diagnosis of choledo cholithiasis on sonography.
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2- Small peria mp ul lary tumours are not seen on 
son ogr aphy (Friedman et al. 1987). As neither the 
degree of dil atation of the biliary system in jaundiced 
patients (Table 18) nor biochemical abnormalities 
(Leese et al. 1986) aid in differe ntiation of benign 
from malig nant conditions, any obstruction seen at the 
ampullary region on ultrasound with no apparent 
calculus or mass (particularly if the pancreatic duct 
is also dilated) is probably due to periampullary 
carcinoma and endoscopic biopsy is indicated.
3- Pancrea tic neoplasm may be hard to distinguish from 
inflamma tor y masses by ultrasound (Frederic et al.
1983). Definite diagnosis is possible when there is 
liver metastasis, invasion of portal veins and/or 
ret rop ancreat ic or hilar lymphadenopa thy in addition to 
a pancreatic mass. Most pancreatic duct cell 
carcinomas are detected on sonography as hypoechoic 
masses enlarging the gland or deforming its contour. 
However, focal pancreatitis without pseudocyst is 
indi stinguishable from duct cell carcinoma unless 
shadowing echogenicities (calcifications) are present. 
Furthermore, small sonolucent pseudocysts in chronic 
pancreatitis are difficult to differentiate from tumour 
necrosis (Freidman et al. 1987). Lack, of a clinxcal 
history of pancreatitis or alcohol abuse, greater
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dilatat io n of the intra- and extra-hepatic ducts, and 
higher levels of the liver function tests are highly 
suspicious for pancreatic carcinoma when a 
no n-c alcifie d solid mass is detected (Table 26). The 
diagnostic sensit ivity and specificity of US in 
diagnosis of pancreatic head carcinoma in a small study 
of 27 patients were 74% & 94%, respectively (Classen & 
Phillips, 1984). The specific sensitivity of US for
the diagnosis of chronic pancreatitis varies from 55%
to 86%, and its specificity is about 90% (Cotton et al. 
1980; Foley et al. 1980; Gowland et al. 1981). Part of 
this v a r i ab il ity is due to different imaging techniques 
and whether patients are in clinical remission or 
exacerbation. Hessel et al. (1982) stated that CT is 
the method of choice for detecting pancreatic
abnormalities and defining their nature and extent.
They believed that sonographic accuracy in cases of 
carcinoma is a significant problem, whereas Foley et 
al. (1980) in a small series of 40 patients with
suspected pancreatic disease found ERCP to be the most 
accurate method in evaluation of pancreatic malignancy. 
However, in young patients where the incidence of 
carcinoma is low or for followup examinations when the 
extent of disease has been evaluated by CT or ERCP, 
hi gh -r esolut io n US is very useful and capable of 
de mon stratin g the changes of chronic pancreatitis.
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4- Infiltrative chola ng iocarci no ma may mimic an 
in fl ammator y or traumatic stricture. Abrupt
termination of the common duct usually indicates 
malignanc y or a calculus whereas smooth tapering is 
associated with a benign stricture (Jones et al. 1983). 
However, the key to successful differentiation  of
cholangio ca rcinoma  from c ho 1e d o c h o 1 ithi asis or benign 
stricture on sonography is the demonstration of a mass 
either within or surrounding the ducts at the point of
obstruction. This is usually not possible especially 
in distal c h o 1angio carci nomas which are often obscured 
by bowel gas. However, cholangiocarcinoma  should be
suspected when abrupt obstruction is seen and no stone 
or mass is demonstrable, especially if a normal
pancreas is well-depicted. When masses have been seen, 
they have been discribed as persistent intraluminal 
echoes without shadowing (Subramanyam et al. 1984). 
The sonographic differential diagnosis of an
intraluminal nonshadowing mass include nonshadowing
calculi, uncommon benign tumours such as adenoma,
gall-bladder or hepatocellular carcinoma extending into 
the duct, blood clot, or sludge. Sonographic
demonstrat io n of dilatation of intrahepatic ducts 
without any evidence of extrahepatic duct dilatation 
should raise the suspicion of a Klatskin tumour, with
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or without the dem on strat ion of small tumour in the 
porta hepatis (Subramanyam et al. 1984).
Experience
Cross et a l . (1983) and O'Connor et al. (1986)
did not find a significant learning effect when US was 
used to determine the cause of obstruction in the 
biliary system in their series of 90 patients
undergoi ng ERCP and 70 post-cho lecys te ctomy patients,
respectively. Our sonographic ability to define the
cause of obst ruction in the biliary tract improved from 
45% (34/75) in the retrospective part to 57% (28/49) in
the prospective part of study I (Table 14). This
improvement is more obvious with regard to the 
detection of common duct stones as the diagnostic 
sensitivity of US increased from 29% (6/21) to 60%
(12/20) in the same period (Table 15A&B). Furthermore, 
the positive and negative predictive values of US in 
determining the presence or absence of malignant
obstruction in the biliary system increased from 90% 
(26/29) and 67% (10/15) in the retrospective part to
100% (13/13) and 89% (16/18) in the prospective part of
the study I, respectively. A similar learning effect 
has been also observed by Laing & Jeffrey (1983) in a 
comparative study of US and ERCP or surgery in 53
patients. They found an increase in sensitivity of US
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in the diagnosis of duct stones from 15% (3/20) in the 
early period to 50% (6/11) in the later period.
Furthermore, when special scanning techniques were used 
by three staff radiologists in 135 consecutive patients 
un der going sonography in 15 month period at San 
Francisco General Hospital, US indicated the level of 
dilatation in 92% (101/110) and suspected the correct
cause in 71% (78/110) of cases with subsequently proven 
biliary dilatation (Laing et al. 1986). As a result of 
this special scanning approach, no study was deemed to 
be te chn ically unsatisfactory. The same is true with 
the most recent reported experience of Hammersmith 
Hospital, London. In 66 patients with bile duct
obstruction proved on the basis of surgical findings 
and cytological or histological evidence, US correctly 
diagnosed the level of obstruction in 95% (62/65), and
the cause of obstruction in 88% (57/65) of patients
(Gibson et al. 1986). However, these figures are 
exceptional and achieved only in large specialized 
centres.
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DIRECT CHOLANGIOGRA PHY (PTC AND ERCP)
The results of study I have confirmed previous 
reports that PTC more cons istentl y produces successful 
cholang iog rams (96% or 131/137) compared with ERCP (80% 
or 72/90) (Elias et al. 1976; Ertan et al. 1981; Matzen 
et al. 1982). Sat isfactory US scans of the biliary 
system in the present study were obtained in 82% 
(124/152) of the attempted procedures. The figure is 
also comparable to those reported previously 
(Eyre-Brook et al. 1983; Gold et al. 1979).
In the present study, neither ultrasound nor 
diagnostic ERCP were associated with any complications, 
whereas PTC and therapeutic ERCP were associated with 
6.7% (9/135) and 19% (10/52) incidence of major
complications, respectively. A wide range of incidence 
has been reported with regard to the major and minor 
complications associated with fine-needle PTC. At one 
extreme is the report by Harbin et al. (1980) in a 
large American multicentre survey dealing with 2005 PTC 
procedures carried out with the Chiba-needle where the 
overall major complication rate was 3.4%. These 
authors, however, did not include in their review of 
previous studies many reports which had demonstrated 
higher incidence of complications following PTC such as
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the reports by Fraser et al. (1978), Juler et al.
(1977) and Tsuchiya (1969). Furthermore, multicentre 
studies have many disadvantages (Kreek & Balint, 1980); 
(i) there is no control over the accuracy of the data 
obtained, (ii) there is no assurance that consecutive 
cases were reported, and (iii) there is no insight
into whether or not any biases related to case
reporting may have occured. At the opposite extreme 
are more recent studies in the literature by
Baumgartner et al. (1987) and Nilsson et al. (1983), 
who reported a total complication rate of 29% (17/58) 
and 32%(76/237), respectively. A chronological review 
of the literature suggests that complications
associated with fine-needle PTC have increased in
recent years in comparison with earlier reports (Table 
17). This increase and the wide range of differences 
between reported series with regard to the complication 
rate of fine needle PTC can be attributed to several 
f a c t o r s :
1- Aetiology of obstruction.
Study I has demonstrated that the incidence of 
com pli cations atrributable to PTC are not related to 
the aetiology of obstruction (Table 6) nor to the 
m ax imu m diameters of the intrahepatic ducts, common 
hepatic duct, common bile duct or the gall-bladder
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(Table 7). Many authors, however, report that
complic ati ons following PTC are more frequent in
patients having greater dilatation of the biliary
system and in patients with choledocholi thi asis (Kreek 
& Balint, 1980; Mueller et al. 1981; Okuda et al.
1974). Furthermore, one study (Juttijudata et al. 
1984) found that the incidence of bile leakage is 
directly proportional to the size of the intrahepatic 
ducts, especially, in patients with malignancy of the 
pan c r e a t i c o - h e p a t i c o b i l i a r y  system.
2- Methods of determining the complications.
Many complications cannot be detected unless 
the patient undergoes laparotomy or angiography; such 
complications include asymptomatic bile leakage, 
arteriovenous fistula or haemobilia (Cahow et al. 1977; 
Okuda et al. 1978).
3- Experience of the operator.
Harbin et al. (1980) found that the experience 
of the radiologist does not seem to be an important
factor affecting the incidence of the complications of 
PTC. The increase in the complication rate associated 
with fine-needle PTC in recent reports (Baumgartner et
al. 1987; Nilsson et al. 1983) can be explained partly
by the unp op ularit y of PTC in recent years as the
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in vestiga tion for patients with obstructive jaundice in
many centres (92% vs 41% in the rerospective and
prospe cti ve parts of study I, respectively).
Eve nt ua lly this leads to lack of experience in
performing the procedure among junior radiologists.
This has been reflected in our hospital by a slight
drop in the successful rate of opacification of the
biliary system at PTC from 97% (100/103) in the
retrospective part of the study I to 91% (31/34) in the
prospective part of the study. On the contrary, the
success rate of ERCP in obtaining cholangiograms has
increased from 72% (23/32) to 85% (49/58) in the same
period. In contrast to this discouraging increase in
the compl ication rate associated with PTC, there is no
statistically significant difference with regard to the
total comp licat ion rate of PTC in the retrospective
(11.7% or 12/103) and prospective (12.5% or 4/32) parts
of study I (Chi square test). In a previous series of
46 patients reported from this hospital, Benjamin et
al. (1978) reported septicaemia in two of their
o
patients (one of them died), pyrexia of >38 C in two 
patients without positive blood culture, and small 
collection of bile or blood over the dome of the liver 
was found at laparotomy in several patients. 
Furthermore, the major complicati on rate of 6.7% 
associated with PTC in the present study is comparable
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with the 6.3/£ rate reported in recent series (Table 
17).
4- Difference in the statistical analysis of the 
complic ati on rate of PTC.
This is a major factor responsible for the 
large differences observed between many studies with 
regard to the reported figures of the complication rate 
associated with PTC (Table 17).
5- Prophylactic antibiotics.
Prophylactic antibiotics are considered crucial 
for preventing septicaemia by many authors and their 
use is recommended 24 hours before the procedure 
(Harbin et al. 1980; Mueller et al. 1982). In spite of 
the use of prophylactic antibiotics to cover PTC, 
sepsis was the most frequent complication (5% or 7/136) 
in our hospital and resulted in two deaths in study I 
and one death in the study reported by Benjamin et al.
( 1 978) .
Although the death rate attributable to PTC in 
large multicentre studies is 0.1~0.2/o (Ariyama 
1983; Harbin et al. 1980), this was not the case with 
single institution studies where a death rate of up to 
7% has been reported (Baumgartner et al. 1987). The
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death rate in the present study (2%) following PTC has 
not changed in our hospital from that reported 10 years 
ago (Benjamin et al. 1978).
Bile leakage was discovered during laparotomy
in 3% (4/135) of our patients following PTC, but only 
one had symptomatic leakage requiring early laparotomy. 
The intoduction of the Chiba-needle technique has
g en erally reduced the incidence of symptomatic bile
leakage following PTC to 1-2% in comparison with a 3-4% 
incidence for the old s h e a t h e d - n e e d 1 e technique (Harbin 
et al. 1980). A 40% incidence of symptomatic bile 
leakage was reported in a small series of 30 patients 
undergoing fine-needle PTC (Juler et al. 1977). The 
results of the present study confirm previous reports 
that bile leakage is exclusively seen in patients with
ext rahepatic obstruction (Harbin et al. 1980). These
authors have also reported that in one third of their 
patients with bile leakage, the extrahepatic biliary 
tract had been punctured. One of our patients who
developed bile leakage had PTC performed by accidental 
puncture of the gall-bladder. It has been suggested 
that the needle should be always directed superior to 
the porta hepatis (Figure 1), and whenever puncture of
the ex tra hep atic biliary tract is recognised in a
patient with biliary obstruction, early surgery should
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be seriously considered (Harbin et al. 1980; Mueller et 
al. 1981).
Hae morrhage was not problem in our hospital as 
a comp licat ion of PTC, but it has been reported
prev iou sly (Kreek & Balint, 1980; Nilsson et al. 1983;
Okuda et al. 1974). In one study (Juttijudata et al.
1984) hem oper itone um  was found to have a direct 
assoc iat ion with trauma and movement of the patient 
during the procedure.
In contrast to the reports of Baumgartner et
al. (1987) and McP herson et al. (1982), who found an 
increased mo rb idity and mortality when percutaneous 
drainage was added to PTC, the present study does not
show any differences with regard to the complications 
between patients who had PTC only and those had 
percutaneous drainage (P T D ) added (Table 6). However, 
the number of patients having PTD may be too small to 
allow firm conclusions in this context.
Many authors in non-randomised and
retrospective studies from different centres around the 
world reported that routine use of preoperative biliary 
drainage to lower the bilirubin level to less than 
10mg% improves surgical mor tality (Denning et al. 1981;
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Nakayam a et al. 1978). However, many recent controlled 
trials have failed to show any improvement in surgical 
mo r t a l i t y  following preliminary perctaneous drainage 
(McPherson et al. 1984; Norlander, 1982; Pitt et al.
1985). Furthermore, total hospital stay was
si gnifican tly longer in the patients who were drained 
before surgery (Pitt et al. 1985). Permanent drainage, 
can of course, be established with percutaneous 
catheters or pe rcutaneou sly inserted endoprostheses for 
patients judged not to be surgical candidates. The 
most recent randomised trial of endoscopic versus 
percuta neo us stent insertion in malignant obstructive
jaundice showed that the endoscopic method had a 
si gnifican tly higher success rate for relief of
jaundice and a significantly lower 30 day mortality 
(Speer et al. 1987).
Direct cho langiogra phy is very important in the 
di ffe rent ia ti on of benign from malignant obstruction, 
in particular in patients undergoing percutaneous or 
endoscopic procedures to relieve biliary tract 
obstruction. In the present study, the diagnostic
accuracy of direct cholangiography in differentiation 
of benign from malignant obstruction is 80-86% (Tables 
9,14,15&21), a figure which is comparable with those
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reported in previous series (Berk et al. 1982; Gibbons 
et al. 1983; Matzen et al. 1981; Pedersen et al. 1985). 
In a randomized trail of 52 consecutive patients with 
clinical obstructive jaundice, the diagnosis was
achieved in 91% by ERCP and 69% by PTC (Matzen et al.
1982). The accuracy of PTC and ERCP in the present
study I were 78.4% (91/116) and 83.6% (51/61) in
determ ini ng the correct cause of obstruction in the 
biliary system, respectively. However, if the
inconclusive results are excluded from statistical
analysis, the accuracy rises to 90% (91/101) for PTC 
and 94.4% (51/54) for ERCP (Table 14).
Abnormalities of the gall-bladder can provide 
useful corroborative evidence of common bile duct
obs tru ction and consideration of these findings may 
w e 11 reduce the error in diagnostic accuracy of the 
investigations. Study II has demonstrated that the 
maximum diameter of the gall-bladder (mm) is 
significantly larger in malignant conditions (54 _+ 
14SD) than in benign conditions (38 _+ 12SD; P<0.01); 
patients with choledocholithiasis also have higher 
incidence of gall-bladder stones (63%; 15/24) in
comparison with patients having benign non-calculous
obstruction (25%; 2/8) and malignant obstruction (22%;
11/50). Furthermore, Figure 7 shows that contracted
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gall -bl ad der is seen exclusively in patients with 
cho 1edocho 1 ithiasis , whereas patients with dilated 
ga ll- bl adder could have stone, benign non-calculous 
blockage or malignant obstruction. This has been also 
observed previously by Eyre-Brook et al. (1983) who 
found that 57 of 61 patients with dilated stone-free 
gall-b lad ders on cholang iogra phy had malignant distal 
obstruction, while all 19 patients with a small 
gall-bladder containing multiple stones had calculous 
obstructive jaundice. This highlights the importance
of correct reporting of the c h o l a n g i o g r a m s .
Unfortunately, there were significant differences
between the reports of the first radiologist and the 
statements of the second radiologist and the surgeon in 
the re-evaluation of the cholangiograms (Table 11) with 
regard to gall-bladder size in the retrospective part 
of study I. Therefore, one can strongly suggest that 
meas uri ng transverse and longitudinal diameters of the 
gall-bla dde r is the best way of reporting 
cholangiograms; the size of gall-bladder can then be 
usefully classified as normal, shrunken or distended 
(Table 10).
The present study also found that jaundiced 
patients with malignant obstruction have a
sig nif icantly  higher total serum bilirubin level prior
297
to direct chola ng iogra phy than patients with benign 
ob st ru cti on (PC0.001; Table 19). This can partly be 
explained by the fact that complete obstruction of the 
biliary system was more frequent in patients with 
malignant than in patients with benign conditions
(Table 20). Furthermore, the present studies conclude 
that the maximum diameter of intra- and extra-hepatic 
ducts alone cannot reliably differentiate benign from 
malignant obstruct ion (Table 20; Figrures 6,47).
Therefore, in the absence of a history of previous
biliary surgery or the usual cholangiographic features 
of calculous obstruction, any complete or near complete 
obstructi on  in the biliary system must be highly
suspicious for a malignant condition regardless of the
ch ol an gio graphic appearances. The present study has 
also confirmed previous reports with regard to the 
importance of a proper clinical history in determining 
the correct nature of obstruction in the biliary 
system, particul arl y in the differentiation of benign 
traumatic strictures from common duct carcinomas
(Clemett, 1983; Fleming et al. 1972; Silvis et al. 
1976; Reuben et al. 1978).
However, even when malignancy is diagnosed or 
excluded by direct cholangiography, a precise diagnosis 
of the condition is sometimes very important in
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det ermin in g the prognosis and the correct steps in 
management, part icu larly in malignant disease (Ferrucci 
et a l . 1983). The cho langiographic abnormalities of
some common benign and malignant conditions, therefore, 
have been discribed and compared in chapters 3 and 4.
In 6 of the 8 patient with periampullary
carcinoma in the study II, the cholangiographic
appearance (Figures 27&28) consisted of dilatation of 
the entire biliary system down to the ampulla (Type II 
stricture of caroli; see Figure 2). However, this 
cholangiogr ap hic abnormality was also observed in two 
patients with duodenal diverticula (Figures 19&20), in 
six patients with cho ledocholithiasis (Figures 1 1 & 1 2 ) , 
in four patients with pancreatic carcinoma (Figure 43) 
and in one patient with chronic pancreatitis (figure
33). The cholangiographic appearances mimicking
periampull ar y tumour, therefore, can be associated with 
both benign and malignant conditions. Furthermore, 
Leese et al. (1986) have emphasized the clinical and 
biochemical similarities between patients with
non-neoplastic periampullary "pseudo tumours" and those 
with per iampullary neoplasm. This highlights the need 
for endoscopic biopsy in all patients thought 
ra dio logical ly to have periampullary carcinoma.
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Study III showed that similar cholangiographic 
ab no rma lit ies can be associated with both chronic
pancreatitis and pancreatic carcinoma. However, the
study also demonstrated significant differences between 
the two conditions with regard to the associated 
biochemical changes (Table 26) even in patients who had 
identical cholangiogra phic appearances (Table 23).
Furthermore, the study showed that patients with 
chronic pancreatitis  are younger than their fellows 
with pancreatic carcinoma, chronic pancreatitis
patients have a shorter length of the stenosis of 
common bile duct, and irregularity of the stenosis is 
ex cl usiv el y seen in patients with pancreatic carcinoma 
(Table 26). A distended gall-bladder is more frequent 
with cancer (86%); the gall-bladder may be distended 
in chronic pancreatitis (44%) although to a lesser 
extent (45mm) than in pancreatic carcinoma (57mm). 
However, study III concludes that in an individual
patient, differenti ation  of chronic pancreatitis from 
pancreatic carcinoma cannot exclusively rely on 
chol ang iograph y but should be confirmed by
hi st o-patho logical examination of the lesion.
Study III also demonstrated that 91% of the 
patients with elevated serum alkaline phosphatase 
con centr at ion 0 3 0 0  10/1) and 100% with elevated
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alanine transaminase (>55 IU/1), regardless of the
level of total serum bilirubuin, had some form of 
radiological abn ormality of the biliary tract (Figure 
39). Therefore, persistent abnormality of the liver 
function tests should alert the clinician to the 
po ssi bility of common bile duct stenosis and ultrasound 
scan and biliary radiology should then be mandatory. 
The patients in the studies ITT and IV must have 
chronic pan creatitis of sufficient severity to warrant 
direct ch ol ang iography and this may explain the high 
incidence of radiological stenosis of the common bile 
duct (62-64%) in comparison with the mean figure of 47% 
reported in previous series (Table 27). Although study 
III had found that direct cholangiography is the most 
sensitive method for detection of common bile duct 
involvement by the inflammatory process in chronic 
pancreatitis, study IV found that even in the presence 
of radiological common bile duct stenosis normal liver 
function tests suggest that histopathological evidence 
of extrahepatic biliary obstruction is unlikely and 
therefore that liver biopsy and bypass surgery is not 
indicated. On the other hand, persistent jaundice in
the presence of radiological common bile duct stenosis 
is a strong indication for biliary-enteric bypass, 
although pre-operative liver biopsy is suggested in 
those with isolated elevation of alkaline phosphatase.
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There is no place for routine biliary-enteric bypass 
during surgery for chronic pancreatitis.
COM PA RISO N OF THE INVESTIGATIONS
The diagnostic accuracy of the successful
procedures in study I are comparable with that reported 
in similar previous studies (Table 18). To the best of 
my knowledge, no study in the literature has been 
concerned with the essential nature of investigations 
in determin ing management of the patient. Study I 
concludes that ERCP is more frequently essential (15% 
or 9/61) than PTC (7% or 8/116) and US (4% or 5/124). 
This highlights the importance of each investigation in 
determining the management of individual. The present 
study, therefore, confirms previous reports that ERCP, 
PTC and US are not subsitutes for each other, and
should not be used in comparative and compettive ways 
but as complementary methods (Matzen et al. 1982;
Mueller et al. 1981). However, proper selection of
investigations in each specific condition and in each 
individual patient are very important and further study 
is needed to confirm and expand present knowledge in 
this context (Frederic et al. 1983; Lee et al. 1984).
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Although US generally is not as good as ERCP or 
PTC in pinpointing the exact level and cause of 
obstructi on  (Table 18), both PTC and ERCP are
unpleasant for the patient and are associated with a
significant mor bidi ty  and mortality (Tables 6 and 16;
Baumgartner et al. 1987; Bilbao et al. 1976). The
diagnostic yield of US is superior to that of ERCP for
focal hepatic disease and for gall-bladder lithiasis
(Frederic et al. 1983), and superior to that of direct 
c h o l a n giograp hy  for the diagnosis of metastatic lesions 
(see Chapter 3). Hershman et al. (1986) found that US 
accu ra tely predicted gall-bladder stones in 96% 
(194/203) of patients with stones confirmed at
laparotomy, and was unhelpful due to technical 
d i ffic ul ties in 11 patients. Even in a district
general hospital, US was found to be 84% accurate in
detecting gall-bladder stones (Walker, 1981). In
pancreatic disease, although the diagnostic score of
ERCP is superior, US is the specific complementary
investigatio n for the demonstration of pseudocysts and 
secondary abscess formation (Frederic et al. 1983). US 
can provide more preoperative information about 
structures related to the biliary system such as the
pancreas, liver, right kidney, aorta and para-aortic
lymph nodes (Baron et al. 1982). This allows the
procedure to be useful in determining the management of
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the patient even when it is not diagnostic (Table 14) 
by d i f fer en tiation  of obstructive fron non-obstructive 
jaundice, identification of the level of obstruction in 
the biliary system, allowing ultrasonic guided 
fine-needle biopsy, and providing information with
regard to the condition of related organs. 
Nonoperative assessment of resectability has become 
important in recent years because of the advent of
percuta neo us and endoscopic palliative techniques for 
biliary drainage. US appears to be a useful 
no n-invasi ve investigation for detection of tumour 
resectability. It was correct in 71% of patients, in 
compar iso n with 42% for CT scanning and 58% for direct 
ch olangiography, as verified by laparotomy (Gibson et 
al. 1986). US has also high predictive value (83%) in 
the distinction between malignant and benign
obstruction, but the diagnostic sensitivity is poor 
(50%; Table 15C), partly due to a high number of 
inconclusive and technically unsatisfactory
examinations; this has been substantiated by others 
(Pedersen et al. 1985). Finally, US can be essential 
in management despite availability of other
sophisticated and invasive investigations, as was the 
case with 4% (5/124) of our patients having
satisfactory scans (Table 14).
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The present study with its 88% diagnostic 
sensit ivi ty has confirmed previous reports that US is a 
reliable tool for the dis tinction between obstructive 
and no n-obstruc tive jaundice (Baron et al. 1982; Haubek 
et al. 1981). The main aim of direct cholangiography, 
therefore, should be to identify the cause of
obstruc tio n and to provide a map of the biliary system.
However, ultrasound may be sufficient preoperative 
in ve sti gat ion when it is diagnostic for the level and 
cause of obstruction (Gibson et a l . 1986). But even
then, the information provided by direct
ch ol an giogra ph y can be vital in determining management. 
For example, it may show the exact length of duct
available for possible surgical biliary bypass. 
C h o 1angiograms can identify surgical obstructive 
disease in patients with biliary obstruction not 
detected clinically (no evidence of jaundice) or/and 
s o n o g r a p h i c a 11y (no evidence of dilated ducts) as in 
patients with sclerosing cholangitis, ampullary
stenosis and non obstructing stones (Mueller et al. 
1982).
During evaluation of the cholangiograms of 76 
patients who had a proven final diagnosis in study I, 
there was no statistically significant differences with 
regard to the diagnostic value of the statements of an
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experienced radiologist and surgeon (Table 9). 
However, a second opinion can sometimes be vital in 
determ ini ng management. In ultrasound, the quality of 
the stored images is frequently inferior to that of the 
real-time display and the amount of information stored 
wi thin these images can present only a tiny fraction of 
the information presented to the operator during the 
examination. Therefore, it is difficult to obtain a 
second opinion from another radiologist or a surgeon as 
is the case with direct cholangiography. It is also 
difficult for a third party to determine when a 
technically inadequate study has been performed.
On the other hand, ERCP affords a broader 
diagno sti c approach and higher success rate. ERCP 
depicts the pancreatic duct as well as the biliary 
tree, so that in cases in which pancreatic disease may 
be the cause of the biliary obstruction, ERCP may 
provide significant extra diagnostic information when 
compared to PTC. Mucosal abnormalities in the stomach, 
duodenum, and ampullary region that can be revealed by 
ERCP are occasionally relevant in the jaundiced 
patient. The overall diagnostic sensitivity of ERCP in 
the present study was 100% (34/34) in calculous
obstruction, 75% (12/16) in malignant and 45% (5/11) in 
benign non-calculous conditions, whereas, its
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spe ci fi city was 87% (39/45) in determining the presence 
or absence of malignant obstruction and 74% (20/27) in 
detecting common bile duct stones. Table 15C shows 
that the positive predictive value for successful ERCP 
procedures is 100% (34/34) in calculous obstruction and 
80% (12/15) in malignant obstruction, whereas the
negative predictive value is 100% in both conditions. 
Furthermore, diagnostic ERCP did not associate with any 
com plication in the present study. However, ERCP is 
relatively more expensive, more time-consuming, and far 
more technically demanding than PTC, with information 
obtained being directly proportional to the skill of
the examiner (Anacker et al. 1977).
In contrast, PTC is generally quicker, less 
expensive, has a comparable diagnostic value with that 
of ERCP (Table 18), and may be more widely available at
smaller institutions. The overall diagnostic
sensitivity of PTC in the present study was 80% (16/20) 
in calculous obstruction, 87% (66/76) in malignant and 
45% (9/20) in benign non-non calculous conditions,
whereas, its specificity was 62% (25/40) in determining 
the presence or absence of malignant obstruction and 
84% (81/96) in detecting common bile duct stones.
Table 15C shows that the positive and negative 
predictive values for successful PTC procedures are
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100% (16/16) and 95% (81/85) in calculous obstruction,
and 87% (66/76) and 100% (25/25) in malignant
obstruction, respectively. Furthermore, in the presence 
of total obstruction or previous biliar y— enteric 
anastomosis, PTC often gives more useful information 
than ERCP regarding the site, nature and degree of the 
obstruction. Its success is dependent on the 
experience of the radiologist and the degree of biliary 
dilatation. Unfortunately, it has also a higher
associated morbidity and mortality (Table 17).
Many authors consider PTC to be the procedure 
of choice when ducts are dilated on sonography or C T , 
and ERCP to be the procedure of choice in patients with 
nondilated ducts where obstruction is still a 
possibility (Benjamin et al. 1978; Ferrucci & 
Wittenberg, 1977; Lintott, 1985; Mueller et al. 1981). 
Owing to the progressive increase in the success rate 
of opacification of the biliary system by ERCP (72% vs 
85% in the rerospective and prospective parts of study 
I, respectively); comparable diagnostic accuracy (84% 
vs 78%) of ERCP and PTC respectively; the high 
mortality and morbildity associated with PTC in the 
present And previous studies (Table 17); and increased 
availability of endoscopic fascilities in most centres, 
ERCP is recommended as the first choice investigation
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in jaundiced patients with dilated and nondilated 
bi liary ducts in patients where surgical obstruction 
cannot be excluded by US. This view has been 
previously expressed by Matzen et al. (1982) who found 
a sig nificantly higher diagnostic accuracy for ERCP 
(91%) in comparison with PTC (69%). However, it has 
been also recommended for patients with
post-ch ol e c y s t e c t o m y  problems, in patients in whom 
upper gastrointe stinal pathology is suspected, and when 
there is suspicion of pancreatic disease (Blumgart, 
1978; Blumgart et al. 1977; Cross et al. 1983).
One can conclude the present studies by 
suggesting that in the presence of obstructive jaundice 
one should proceed directly to surgery in uncomplicated 
young patients when ultrasound reveals a picture 
typical of obstruction of the distal common bile duct 
whether due to calculi or tumour. If ultrasound can 
reliably identify patients with distal common bile duct 
obstruction there seems to be little to be gained from 
invasive investigations unless the surgeon is intending 
to manage the patient by percutaneous or endoscopic 
procedures. The use of sphincterotomy m  the young 
patient who is not considered a high-risk candidate for 
surgery is not recommended because of the high (19% or 
10/52) complication rate associated with the procedure.
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Endoscopic sphincterotomy, however, is ideal for 
elderly patients either prior to or after 
cholec ys tectom y since it obviates the morbidity and 
mortality associated with major abdominal surgery. 
Regardless of their accuracy, neither US nor direct 
cholang iog raphy  (PTC & ERCP) are without the 
possibility of error (Table 14). Therefore, it is 
m an datory to obtain a positive biopsy (through 
ultrasonic fine-needle aspiration or percutaneous and 
endoscopic biopsy and cytology) before proceeding to 
any form of non-operative management of the patient.
Since precise diagnosis is very important in 
determining the prognosis and correct management
(Ferrucci et al. 1983), all patients who have
uns ati sf actory  or inconclusive ultrasound scans should 
be investigated by ERCP. PTC should be considered if 
ERCP fails, is inconclusive, or is contra-indicated or 
when endoscopic facilities are not available; PTC may 
also be necessary in patients with previous 
h e p a t i c o - e n t e r o s t o m y . Direct cholangiography may avoid 
unnec ess ary laparotomy in those with lesions not
amenable to surgery and allow one to select appropriate 
therapy in those with proximal biliary obstruction. 
Direct cholangiography, however, is also not always 
diagnostic. Abnormalities in the liver function tests,
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the ma xi mum  diameters of the intra- and extra-hepatic 
ducts, and abnormalities of the gall-bladder can
provide useful corroborative evidence to distinguish 
mal ignant from benign obstruction (Table 19,20&26).
Our study failed to improve the diagnostic 
yield of direct cholang iography by introducing 
probability and desira bility percentage statements in 
the reporting form (Appendix 1). There were no
st ati sticall y significant differences between the
diagnos tic  value of the original interpretation reports 
of the cholangiograms (Table 14 & 15) and that of the
surgeon and radiologist using the form shown in
Append ix 1 (Table 9). However, study II has confirmed
previous reports with regard to the importance of the
clinical history of the patient in interpretation of 
cholangiograms, especially in differentiatiation of
benign from malignant conditions (Reuben et a l . 1978).
Since our trial was retrospective and carried out
without knowledge of the patients clinical history, a
prospective study using a form similar to that shown in
Appendix 6 is recommended. Such a study is very
likely to result in improvement of diagnostic accuracy 
and usefulness of US, PTC and ERCP in determining 
resect abi lity of malignant tumours and in the selection 
of appropriate surgical procedures prior to laparotomy.
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APPENDICES
Appendix 1 The form introduced to be used by the 
surgeon and the radiologist to note their findings of 
the re— e v a 1uation of the first 87 percutaneous 
transhepatic cholangiographys in the retrospective part 
of s tudy I .
E VA LUA TIO N OF THE CHOLANGIOGRAMS
Name of the patient: Date of birth:
Eva luated by: Dr. Date:
Is the examination technically satisfactory? Y N
Is the biliary system dilated? Y
Maximum diameter of common hepatic duct mm.
common bile duct mm.
Level of the obstruction at (probability 0-100%), 
Porta hepatis 
Common hepatic duct 
Common bile duct 
Periampullary 
Indeterminate
N
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Nature of the obstruction is (probability 0-100%), 
Calculi
Benign non-calculous 
Neoplastic
Non-surgical obstruction 
Indeterminate
Evaluation of the gall-bladder (if visualized) 
Normal 
Di s te nd ed 
Shrunken 
Contain stones 
Other (specify)
Next step suggested is (desirability 0-100%)
US + fine needle biopsy 
ERCP + biopsy or cytology 
Liver biopsy 
Laparo tomy
Papillotomy (endoscopic)
S tent ing 
Other (specify)
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App end ix 2 The form used in the prospective part of 
study I for evaluation of 83 jaundiced patients.
PROSPECTIVE EVALUATION OF PATIENTS WITH OBSTRUCTIVE 
JAUNDICE BETWEEN 1st Jan 1986 AND 31 Dec 1987
Identification number: Name: J
Date of birth: SEX:
Dates of admision and discharge:
Final diagnosis:
Short clinical notes:
PERCUTANEOUS TRANSHEPATIC CHOLANGIOGRAPHY 
Date of the examination:
Is the examination satisfactory?
X-r ay r e p o r t :
Diagnostic value: 1— essential 2— diagnostic 3—misleading
4— therapeutic 5— useful 6— useless 7— failed 8— not done 
C o m p l i c a t i o n s :
PTD & duration:
E N D O S C O P I C  R E T O G R A D E  C H O L A N G I O P A N C R E A T O G R A P H Y  
Da te  of the examination:
Is the examination satisfactory?
X - r a y  r e p o r t :
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Hospital number:
Confirmed by:
Dia gnostic value: 1-essential 2-diagnostic 3-misleading
4-useful 5-useless 6-therapeutic 7-failed 8-not done 
C o m p l i c a t i o n s :
Combined procedures: 1— papilotomy 2— biopsy or cytology
3-stent 4-stone extruction 5 - o t h e r s ,s p e c i f y ....
ULT RASOUND
Date of the examination:
Was the examination satisfactory?
Report of the sonologist:
Diagnostic value: 1-essential 2-diagnostic 3-misleading
4-useful 5-useless 6-therapeutic 7-failed 8-not done 
Combined procedures:
OTHER INVESTIGATIONS
1-Liver biopsy 2-CT scan 3-Hidda scan 
4 — B i o c h e m i s t r y , b i l i rubi n  alkaline phosphatase...
5-Pathology report:
MANAGEMENT AND THE OUT COME OF THE PATIENT;
SUBSEQUENT ADMISSIONS AND FOLLOWUP;
Append ix 3 Definiation of some statistical terms 
used to report and discus results of all studies.
SAMPLE STATISTICS
The sample mean or average of a set of 
numbers is a measure of the location of their
d i s t i r b u t i o n . It is defined as the sum of the data
values divided by the number of data values.
The standard deviation (SD) is a measure of
the variability of the data values about their mean. 
For normally distirbuted data, roughly 68% of the 
observations will lie within 1 SD of the mean and 95% 
within 2- SDs .
The standard error (SE) is a measure of the
precision of nn estimate. The SE of a sample mean can
be calculated as the SD divided by the square root of 
the sample size.
The degrees of freedom (DF) is one less than 
the number of observations and is used in preference to 
sample size.
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D IA GNO STI C TESTS
e sens itivity of a dignostic test measures
its ability to identify correctly diseased patients, 
^ he specificity measures its ability to identify
co rrectly disease-free patients.
Examp 1e
Data from a group of patients whose true 
disease status is known and whose test results are 
available can be set out as follow:
______ Disease
Yes No
Test | P o s i t i v e  a b
results | Negative c d
From these data, sensitivity and specificity 
may be estimated as:
Sensitivity = a / (a + c).
Specificity = d / (b + d).
Other terms used in this context include:
Predictive value positive = a / (a + b).
Predictive value negative = d / (c + d).
Accuracy = (a + d) / (a + b + c + d).
Appendi x 4 The form used in the study II to evaluate 
the cholangiographic films of 147 jaundiced patients 
with different surgical conditions.
Name of the patient:
Age: Sex: Date of birth:
Type of the cholangiography and date of performance:
The maximum diameters of the
Intrahepatic d u c t s ....... mm.
Common hepatic d u c t ...... .mm.
Common bile d u e t ...... m m .
Gall-bladder
transverse....... mm.
longitudin al .•••m m .
Is the cholangiograra satisfactory? Y No, w h y ........
Is there obstruction to the biliary system?
No Yes 1-partial
2-comple te
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Level of the obstruction £
1-porta hepatis.
3-common bile duct.
5-other, s p e c i f y.....
Nature of the obstruction;
1-malignant
3-calculous
Gall-bladder
1-normal
3-shrunken
5-involved by tumour
Cholangiographic discripti
2-common hepatic duct. 
4-periampulary.
2-benign non-calculous
4-others, specify....
2-distended
4-contain calculi
6-not visualized
No tes :
Appe nd ix  5 The form used in the study IV for 
evaluation of the cholangiograms and case-notes of 47 
patients with chronic pancreatitis and 53 patients with 
pancreatic carcinoma.
EVALUATION OF CHOLANGIOGRAMS OF PATIENTS WITH 
CHRONIC PANCREATITIS AND CARCINOMA OF THE PANCREAS
Name : S e x :
Date of birth: Hospital NO:
Type and date of the cho langiogra m:
Final diagnosis: Confirmed by:
Ma x i m u m  diameter of the intrahepatic d u e t s ...... m m .
Ma xi mu m diameter of the common hepatic d u c t...... mm.
Maximum diameter of the common bile d u c t .......... mm.
Re tro pancrea tic portion of the common bile duct;
Displacement 1-Yes 2 No
a-medially 
b-laterally 
c-straightening
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Stenosis 1-Yes 2-No
a-smooth 
b-i rregular 
Length of the stenosis.......
Type of the stricture (Caroli), 
a-Type I 
b-Type II 
c-Type III 
d-Type IV 
e-Type V 
f-Unclassified
Gall-bladder evaluation:
Maximum di a m e t e r s...... * ........mm.
1-normal. 2-contain calculi. 3-shrunken.
4-distended. 5-not visualized. 6-removed.
Liver and pancreatic function tests;
B i l i r u b i n .................. jumol/1.
Al b u m i n .........................g/1*
Alkaline phosphatase ......I U/ 1.
Serum a m y l a s e ..............  IU/1.
Cr eat in ine... .. .......... jnmol/l.
Aspartate transaminase....I U/ 1. 
Alanine transaminase....... IU/1.
m m .
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Appendix 6 A form designed to report the 
interpretation of results of ultrasound, PTC and ERCP 
in patients with obstructive jaundice in a suggested 
prospective study to improve the diagnostic accuracy of 
these investigations.
Patient: Radiologist:
D O B :  Date of examination:
Hospital no: Investigation:
Ward no: 1-US 2-PTC 3-ERCP
Clinical history (completed by surgeon or physcian)
Results of performed investigations
Past history 
Investigation
Is the examination technically satisfactory? Y N
If no, w h y ...........................................
Are the intrahepatic ducts dilated? Y ....mm N
Are the extrahepatic ducts dilated? Y ......mm N
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The level of obstruction at (give probability 0-100%) 
intrahepatic 
porta hepatis 
common hepatic duct 
common bile duct 
periampullary 
indeterminate 
Natrure of obstruction (give probability 0-100%) 
calculi
benign non-calculous (specify) 
malignant (specify) 
indeterminate
Ev aluation of the gall-bladder(give probability 0-100%) 
A- Visualised; dia meter.. ... mm.
no rmal Y N
distended Y N
shrunken Y N
thicken Y N
calculi Y N
debris Y N
involved by tumour Y N
8- others (specify).........
B- Not visualized,
1- previous cholecystectomy
2- others (specify).........
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Evaluat ion  of the pancreas (give probability 0-100%)
A- Main pancreatic duct,
1- diameter at head....mm body...mmm tail...mm.
2- obstructed at....mm from ampulla.
3- a stricture of....mm at.... mm from ampulla.
4- multiple strictures.
5- not visualized.
B- Parenchyma,
1- contain cyst o f ................. mm in diameter,
l o c a t i o n .............................................
2- tumour o f .......mm in diameter,
lo c ati on .............................................
C- Side branches,
1- normal.
2- not opacified.
3- abnormal (specify).
D- Inconclusive results (specify)........................
Evaluation of the liver (give probability 0-100%)
A- Size,
1- normal.
2- large.
3- small.
4- indeterminate.
B- Space occuping lesion,
1- absent.
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2 present, single or multiple.
3- solid or cystic.
4- primary or metastatic.
C- Pattren of intrahepatic ducts and echo pattren,
1- normal or irregular.
2— increased or decreased.
D- Others (s pec ify )........................................
Eval uat ion of other related structures.
A- k i d n e y s ......................................................
B- Lymph n o d e s .................................. .............
C- S p l e e n .......................................................
D- Blood v e s s e l s ..............................................
E- Others (specify)..........................................
Re sectabi lity of malignant lesion (probability 0-100)
r e s e c t a b l e , w h y .........................................
irresectable 
inde terminate
Next-step suggested in management (desirability 0— 100/O
A- Further investigations, su ggest .......................
B- Laparotomy.
C- Endoscopic procedures, su gge st ........................
D- Palliative treatment, sug gest..........................
E- Others (specify)..........................................
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